; >?7@e3eT{ Q@ tut x@x8z6zT{ ~12 July 2004 HYBRI D W RELESS OPTI CAL AND RADI O
FREQUENCY COVMUNI CATION LINK Field of the Invention This invention rel ates
to terrestrial optical and radio frequency (RFj data 5 CO”“WQUB?Eb@@
systens. More particularly, the present invention relates to a new and

i nproved net hod and apparatus for comruni cating data through a

comuni cation |link having both a free-space optical path and a parall el
wireless RF path. The data is transmtted over the higher capacity optical
pat h when favorabl e free-space atnospheric conditions prevail, and the data

is transmitted 10 over the RF pg t heric conditions
have degraded the effective Q?Rﬁggv@lﬁéb%ﬁ %EP@?I nt that it is
nore efficient to transnmt the data over th ) and st atus

information is preferably transmtted over the nore reliable RF path in
either circunstance. Background of t lideltry et lngentbp~ The comuni cati ons

i ndustry requires not ] i gh-speed data . comunication but also
reliability in those@?%?ﬁbog‘tr!e%g%s. g(‘ﬁ"?é*ﬂﬁb%{ttmba%mﬁamnwmBF) datae of
the nost confon commumicativn systems) Ao Fartul&ry, 1S presahl iﬂvéﬁtf‘o?.gﬁﬂﬁ’sng&m’

fiber optic and free-& aceyé)é)ti cal. Each of t'hese conmmuni Ca & has
different rel atiVRVeq E’PFQ’P ! makod-ndappagatus far somoiunicating dats feeugtead
reliability. Typsop@hl i er=1 5 i communi I on dat a
rates, speeds or ban%%%ﬁgsﬂgﬁxﬁ?hbﬁmgﬁ%gﬁﬁégg%ﬂﬁé%%iq AR A p&fﬁ(ﬁaeiwﬁ'ﬂﬁ%
have greater relRRBAIN: (The deta isgansniitetbovarghe bighensspaitg opaeaitath @hekOt h
hi gh speed and hj let 0L . f.he di sagdvan e of requiring a
physi cal instal Fgﬁ}g?l@(;#e%?lé dflgg é\"gé% '? %ﬁ@gm%p@é’a R gﬁ@*ﬂ@éﬁﬂéﬁm h
or nedi a bel@eemvesheRf path wirerpiveerspace’atmiosphéricenditihsHave de FB&r?H?ﬁet he
physi cal installgd| i res ar cahl es as t conmuni cation path or :
nmedi a. In many s"’ﬁeﬁfgﬁng%ss?“ﬁg\ﬁé’@s?',"qa?&%@eimﬁ@&tﬁ)@amoraﬁéfmmm transnoit

i npassi bl e tv i ke data qveytiecRIF pathb| Gorite aad B@tN@WbrﬁﬁgHH'i%?,%}érgﬁl points. In
t hese situation%) F & irel ess RF apdl or free-space 30 optica Ynks nust
be used. 12 "5} {a' 'fgl(f’zl’eﬁﬁ@éngr&f@ ablg RFcpathiin githerwairgumstance. | i ght or

| aser beam t hrough the atnosphere gk, d Pt {,&ﬁlontransn‘itter and an

optical recglver. Frge-s ace optical conmuniC tems require a clear
|ine-of -si gt path bLREYRAMUBIcAtIoRTIRdUSIRY feqLites notwdniy bighkspdedglata or | aser

beam proj ect s i. sommiicatien bul él%réi&ﬁ%?ﬂgggﬁ%@mgﬂaég&gﬁ igl,gq13 'goi nts. The

optical beamis sutgq’ ect to degradatio ?sﬁf'alsnow and
any other parti EPREIUNCALIGRS, SOMELS e mostearyBon chrmmunivation tinks ard Wik e -

These parti cl esragig ﬁk?é{c? a | ight. beamto the degree
that it is not é gfbh%é%fr eggi 8(;{83%5@%@%%%8@5%90 @ﬂmﬁ?@éﬁ’ﬁ@ﬁsﬁ)oi nt. At
times) atnosphe ien hasrdifferentretativh stréAgihe owaslhaseas |

| i ght beamdpet V\ﬁf,‘gbe'[eb% (ale¥ars li atr' oi,nts th tg hgw ree- gaggpelagg??é:ﬁspcan
fail to work altogether “of '%Eé? tk@gﬂ@ ?@5’??%%’5? ayq highgf ni shed to an
unaccept abl e | ed@nmuricatidredata Ritos pspusals abaAdwidtHEK 8nd WOWS REOREGAGE I N9 an
RF si gnal carryﬁwotpng iﬁ%nﬁr%ni cat’éon %gt,a bet ween t he conmuni cati on points.
Al t hough 15 the typi st Yo aateL reliebiliypabl e of transmitting data at a
sl ower rate than an Alttioughlfiber GtR links Bee @é;ﬂhﬁ’&aﬁﬁotﬁeﬁ'qﬁ{i ly é@ rg&,gfﬂ ly nore

€

dependabl e. Broadc ignal s are not subject to f e 'sarmne dati ons

from at nospheri %ﬂéﬁ'ﬁ@: {%@Mi’?% ing disadvantagecef reguitng amhysical installatiorsefi ons t o

suffer. Al pBoudiiber t . Lol tens, do require an
oifb ol E?Eblééﬁ tR8EomMidnlEaficn Phth cﬁ"?ﬁ‘é’@giﬁ Sl COMRURIEENaN, - c o

unobstructed Iine- 20 sight transm ssion' pat

in the air do rRAiNSadcwire lims ininalsa reqiiresithym physieal irestaltation.of Wires or Bibles

conmuni cati ons &R i nder .condi tions where free-space
optical transnmni ssi Sﬁgﬁ{c"g}ﬁ%@hg%ﬂ%ﬂe&& il'?;lma)'/‘,y tH%q%hBWSWfdltlfﬁg a greater

assurance of adowaaticalandeaebenidal veimisdsaible RyVABIaR PhySical CARY ARdR bedtween

sonewhat | esser Jransfer rate.
. coithehitdtRn po?nts. in thiese situations, the wireless RF and/or free-space
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25 It is with respect to these and other considerations, that the present

I nvention has evolved. ~ . Summary of the Invention The present invention
i nvol ves a hybrid wireless optical and radio frequency (RF)1Zogyupo£ation
link or system Optical transceivers at opposite~ 30 ends of the link
provi de an optical path for the primary conmuni cation of the data, arid RF
transceivers primarily provide a conmunication path for control and status
i nformation between Fies-space opticaltiokRiransmitadight/erlaserWedar thedughgp@er i C

condi tions that optical o ni cation of data to degrade 2 12
July 2004 sever3@%&{%&'&%@5&%@8%@5"@ rand AnRpticelreceiver. ree-space
aut omati cal |y soptichedmirrinidatioRtsy$18ing redVitd @ e@ar Hrﬁ@oﬂéﬁgﬁ@dthﬂ en

n

comruni cati on speed ma(% be reduced when the data is tr mtted over the RF
path, a communi EYPMYRICALION PPiBtsSince dhe ightion drser Bremawojactsiima straight e t han

suspendi ng @at apsQUEeH | ¥ {rroﬁ.@ ' kL QF Lch_are
adverse to optigal da'Iti Fz‘i&g%mjrq%g?'?g%ﬂ he p%?%hggﬂg;st%@w%@rﬂgﬂmmen
the RF transcei bepmoke dlustidegfrein, Bngwiand mel iotidr pactivlewinittabinwssphéret he
control and st LAf ' . e of whether th ata is

comuni cat ed o%ﬁehg t@%%g\%ﬂwﬁﬁgséﬂ%.&ﬁ“ﬁ?ﬁﬁa -|c:Ies1 @%ﬂ@ﬁ?ﬂﬂces fefraches -
control and st abloek ligtitdvemat tocthe idaghest that it RVt réllablyv@cenbd @ﬂihetrééélﬁﬁgi Vers
and their opti ptical lin S not

operating opti ﬁ@m@haﬁgl'?éﬁﬁgf%ﬁ@b%}%&“gg nfighﬁgg@%‘ggﬁwg%fb%ﬁv@f@ﬁndi tions.

I n accor darOe wdégdrade fuality oftHedmht BéarhbRss@®BlcohiM#iddtion point {Hat th%

provi ded a net hf?d of co ni cating data in a conmuni cati on extendi ng
across a terres{9-8Page Qiics capdail toywerk allepekbenot thet thexommunicationmate isf t he

l'i nk, conpri si mnﬁm%ﬁ%mémggwbg@'ti ng the data in an optical signal
transmtted through a freespace optical path subjected to atnospheric

condi tions between tWielefis Rft cammugicatiambinksiimeciverbroadeasting aarRF sigaalus
information in | ol ; | 1 tted through
free-space RF p%tr s.ug}eect eﬁ t(e)yt!a?é1 g%%ﬁg%hct%gﬁ@m?agg@ RB'Q%%A'&“’E‘QB
stations cdfcurthedynisal\RF broadeastisicapatie obrarsimitting daps ateaslowboraed than an

nformati on i n e ARERAAER RPHITT i iy Bors pRoardesle, divadess

& Rreadeasteen
the two stati orRF aigealstdre nitsabject todhe $ame ssptadatonsfrémetAédheat Si gnal

t hrough the optj . h, 3 2 July 2004 The optjical link is used to
transnit the da @a&ﬁﬁﬁif\lﬁércayﬁ%&ge-lsgaée petica! F"?”?’Bgﬁgr‘ﬁ&) syfteroMtheugh saroe
and the RF | i nkRF systems, suchnas/ micreamssiaing; oT8diitd s anbBstiubRdIpbigal Path
cause the 5 tical Qath to. fail or de’grade the transm ssion of the optical

signal's. A%Yai 19 UGNsHissionRathparticles pad sybstaacesjathe aic dosoboaussed by a
fail ed recepti cubsfantat REERNal & irf i Lon of an
optical signal V\qu ak? has b?gg dggg,.?gﬁtgdép ﬁ)h%hgﬁgé&nﬂlﬁur?%eé{oﬁgtcéﬁsﬁsg{a? icult to
reliably distirfgY bﬁh“ﬂﬂ%’ Gandiions where freesaacraptical trarsmipsionsitarsngnal .

Control and st fatt PERIUIP théab) (ﬁﬂi gg ica({J
transceivers osigré t he RF 5ath.t%§£63;r'nm %?:ﬁ%g{ﬁ%u%% F@%f‘*%’? nal has
fail edf or has &éfgpﬁtﬁeaatawéﬁmmreauhwgﬁ@t_aisomeivma]E leaaa_rﬂalali 'trag'sféhufat@lgt a, it
is prefer e to CORtik Ok r ssion of .optical. signals between
t he comm(rj\\%at i on pz}i'%twg ﬁtrg‘l;"scfe:tE eE 5rﬁgﬁéaaﬁ§§ﬂ3’8°ﬁ§'8§@&8ﬁq% §'Pth“H%p%;§Pm:al pat h
for the transmirntiondaseaolyedi th t he optical signals can be reliably
comuni cated. The two stations preé er abl g 3' t‘ejr nately generate and transmt
t he control and status info_rrratio ~ a tiehe ot her station. The
control and status The@resdnt tHvehtién iM¥8Res§ @ hybrid wireless optical and radio
‘ frequency (RF) communication link or system. Optical transceivers at opposite-
30  ends of the link provide an optical path for the primary communication of the
data, and RF transceivers primarily provide a communication path for control
and status information between the optical and RF transceivers. Under

atmospheric conditions that cause the optical communication of data to degrade

2



12 July 2004 information which indicates the ambunt by which one station
shoul d change its optical transmtting power according to the other
station's assessnent of the received power, thereby maintaining effective
optical conmmunication w thout oscillation of the power levels of the two
stations. According to a second aspect of the present invention, there is
provided a hybrid wireless optical and radi o frequency (RF) comruni cation
| ink for conmunicating data between first and second stations, the first
and second stations receiving and delivering the data througﬁ2#@¥89Q1ive
first and second input/output (1/0O signal paths, conprising: a free-space
opti cal sbiérelyer fol fai afte | dista @ohrh&hicatdn BAutbmalisaIR siatchald tfbgrrsefRF st

station and a second optical transceiver at the second station

t r ansni pathdAlthaugheths everglladatapeoromunigalionl speacomsgy hefreducepadierothe cal

"ok poferbly Tt afetherE dlith e o {RGEHGH AR, rBliehal AR ™
first Reohditionseiratieratthhhe sispsiding atdan edfimunietiond daring" anmespHefic at

the second station for transmtting and receiving an RF signal through a
f r ees paé@nditiopswhichdiecedvarse o aptieal giata coempyigatiodns t her ebet ween; wherein

the RF sign j t i e I ing
t he operati glr-lh%ﬁ %cggéﬁ@gﬁﬂghéﬂk@@&ae%s@tgﬁgrt?gngégﬁ%}ss grroanse r%c‘ﬁj E‘(@CH ly
C(r)]ncgr r egliabje mo;mtrimmrﬁeatinﬁt of tHe sbmrciallanmsﬂatuéﬂmmma'\t'ﬁml, éegaydwsgqﬁrmhmhleat ez
the datg, an erein the RF signal conmmunjicate e data and control an
Stat ue. e GRS GOMUNEICHIAG OBt fin 0PGFg o REJRh CUS olia PSSP KBaSS: o 4
12 July [ j ' |~k | i = RF

| nic porirod A il RIGRIETOR, RZbEREr coRifp iR opREal faschilere b M 7
first RPpticalrsigraliransatissions, favestwhreratheovptivatilink sawdopeRitingrepticallydue at

t he sec?na t[setﬁati oa for transmtti ng and .r.ecei ving an RF signal therebetween
cont ai nfh{® '8“&3 érefﬁﬁp%%?msr’gﬁ °§Pa‘f"u£'9“§-nf ormation for controlling the
operation of I Becalanea!wit St bspsacs (el resdiiFinveftion thard!ishivitied
information controls the functionality of the optical transceivers, wthout
di m ni shi nethdd efapamnmuyniocatitig data dhha dommunigationalink rexterwding eacro§sra
transmtting and receiving the data contained in the optical signal. In
addi ti oferre#taal free-spacedeoigmbatween dwa staliopsiat ends afitbe liok, sompiising i ¢

i nfluenges teb%\e;gdata is routed for transm ssion by the RF transceivers over
the RF B?ﬁﬁ h though the data transferring capability of the RF path is

| ess than th e tiR, ; ol | i er
condi tions ﬁe@%ﬁarﬁgatﬁga‘rt]s edraqﬁ/olﬁlac‘ﬂ?g"grggﬁ I té’?rgs“gé§gﬁfc§jc9}§rg ggr aded
opt i cal spaté oplibal pathrsuthjectedto atrabspheric cénditiors betwvedretiietwo statibas;
transm tted over the optical and RF paths from an input/output (I1Q) signal
path, and theCoypBnicating coptipk ppdsstakits infoamation it & vadioffrequeney GRE) cal

and RF paths onto the I/ O signal.path. A swtch within t station at the
end conNRINEL o Aosmiterk ATOUHE & 1ES-sace s B e Rubletect 3p  ARRRSARGG ne
/O sig } } : i . dat ween
the RE FrRguand bewiyEite the'Siiiofs, CBRGrMT, SRR IRy hanchicoion o ¥P

t ransni pptical sigrdlcontaiaing thesdatapandt ed as a part 4a 12 July 2004 of the
control and status information, and transm ssion status signal indicates
whet her the ogondaunicatingcthe eata and, soptrof mristatuatnaformagnoavmam Rfsponds
to the transm ssiq tatus ;signal t stagblish either th ctive or ,standby
odes oPOBRLIATRENed, 1 158 SiredSBacs R palh befvesy 166 twh SaBOOBWNE tiay n 1 2
also 5 i Lt 6 Iy I t he standby node
of operQ? %%m(ﬁq%o@ggﬁpﬁgt%%agg%\érlésqfé}ﬁlit@?uyrﬁp%gédgpglséﬁp “invention and its
scope, and the manner in which it achieves the above noted inprovenents,
can be obtained by reference to the follow ng detail ed description of
presently preferred 10 enbodi nents of the invention taken in connection
with the acconpanyi ng drawi ngs) which are briefly summari zed bel ow) and the
appended ciairns. Brief Description of the Drawings Fig. 1 is a bl ock
diagram of a hybrid wireless optical and radio frequency (RF) communi cation
i nk) which incorporates the present invention.
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15 Fig. 2 is an illustration of a data structure for a control token packet
utilized in the hybrid communication link shown in Fig. 1: ‘Fig. 3 is a
nore detail ed bl ock diagram of the hybrid conmunication |link shown in Fig.

1. ' Fig. 4 is a nore detailed block diagramof a master optical

transcei ver 20 and a sl ave optical transceiver of the hybrid comunication
link showmn in Fig. 3. Fig. 5is a nore detailed block diagramof a master
transceiver intertace unit (TIU) of the hybrid comunication |ink shown .in
Fig. 3. - Fig. 6 is a nore detailed block diagramof a slavel2ddig8B84ver
interface unit (TIU) of the hybrid conmunication Iink shown in Fig. 3. 25

and sl ave ot MBS BT GRMER 8BRS SHIdHeTP SRR g 5 e’
opti cal usingnihecdptiyas pat\und theARB . link i8bedt whasewirtdtmdspRes® @bhaitioAddn

status information contained in the control packet shown in Fig. 2. Fig. 8

is a fl 8§ RRficalopathneayse, the)eptical dpatjot faili orgdearade: thentanswission pbh80 t he

tical _ ot . . ; . ) Ui o Fi g
SP e o SBEA SionAISCATaINRR! O dqrafedh Bf it SORERtBaitls Atoohized P Ataliy 7L
Fig. 9 receptigarafraatrafisnitiedaoptical sighal arincthdureeeplion ofram optica sigral which

transm ssion fromthe i cal, th.to.the RF th of .the hyprid )
comuni &4i ngPegr ﬂ‘ge‘!] gf{h%ﬂtptﬁﬁﬂﬁ '%ﬂ'h?%‘ IttQ r E\?@bﬁy §!St'QSU§EéBEt"%f8r matien 5| ave
{ransce 7. y < : b _ . cod

hybri d CHAtaMGY Y hRpieal Sighdt Gorkdl 52% & E@S I dr RArdNSIEAroH Hofiflegh (the
hybri d khenpptical transshivers overrthg. RE patthto bgiamuhi¢ate khaitheaspticaksighakbas pace

b EIBTORP J58%, fradiidhy EYeT AP T RE o 35 Gedsthii, 8 Galaral 6 °
t echnol pesfetdblel & dantindé camF@d tRnRMISSYe &f \UptiehP Sigridts I Isstwdenl thybrid

| aser| m crowave communi cation [ink for the comuni cation of data between
two 10 EeFmmynieation Poita-teofetesmiite whennhimreestabligh e apticahpatindon theind

24. The,] ' i J: LRat | e

Copt 1 calreRafiigiin BF dfte wiiifie bBfice SGisS afi UEANL6R Sfind FERREY, P Buo
Syai | abstationsoprefetatdpi iaitematélylll gexerath Samlcﬁalﬁmw-lghqll_ﬁcﬁonﬁrog .Hiaﬂf%_stdéﬂsz 0

i stance ol nt-to-point. wireless conmuni cgtion. e ri i nk

prefer aﬂgfér'ﬁ‘ém éﬁ’\dyg%'&ﬁirﬂ? tQ d8e othek stationy pthey controt apeh st iiRfarmeatien on
(mast er jndi@ddLn) 22 and a slave hybrid communication station (slave
station) 24. An optical signal, such as a |laser beam is projected in an
optical path 26) and an RF signal) such as a m crowave signal, is broadcast
in a RF path 28. Both the optical signal in the optical path 26 and the 20
RF signal in the RF path 28 are transmtted across a terrestrial free-space
regi on 30 between the master station 22 and the slave station 24. Data
contained in the optical and RF signals is thereby comuni cat ed between the
two stations 22 and 24. Inputloutput (!/0O signal paths 32 and 34 connect
the master and sl ave stations 22 and 24, respectively, to other

communi cation 25 stations (not shown) or devices) and thereby connect the
hybrid link 20 into a | arger conmunication network or system The data
transmitted in the optical and RF signals is obtained fromthe I/0O signa
paths 32 and 34 at one station 22 or 24 and is delivered over the i/0
signal paths 34 and 32 at the other station 24 or 22 after communi cation
t hrough the hybrid link 20. The 1/0O signal paths 32 30 and 34 may be any
source or delivery path of data signals in the conmuni cati on network or
system For exanple, thel/0 signal paths may be fiber optic or wire .
channel s that connect the master and slave stations 22 and 24 to ot her
wirel ess stations at the sanme | ocation, thereby naking the hybrid link 20 a
repeater in a 6

3a



12 July 2004 series of such hybrid links 20 in the comuni cati on network or
system Alternatively, the 110 signal paths 32 and 34 may be part of

| and- based fiber optic or wire conmunication links to distant |and-based
comuni cation stations. The data communi cated over the hybrid [ink 20 may
conprise any type of user 5 data or information. The optical path 26 serves
as the main or preferred comrunication path for the data transmtted
between the master and slave. stations 22 and 24 in an activé?

operation. The RF~ path 28 serves as the main or preferred comunication
pat h f orinfepnalioh \ﬁﬂi@hshald&esl 'ﬂié’rd?ﬁédrﬂ”b*’%ﬂqcﬁ Qori 3kt %HGUI@!%%@M%O” of
the stations 22 and . The RF path 28 so serves as a reliable backup

dat a corﬁnmabatarwnltmgh powes atcanding tmdbe othespstation'snassessrhents ofirtiby

Fai ted iRotechener, JReRHTE shefiifhd, SFERas oottt it o
si gnal .odclifatiba bf tie pbWereVBRCST the Bve Btatldnet ween the stations 22 and 24)

usual ly due to 15 the degradi ng at nospheric or other influences such as the
light refractive influences of rain) fog, m st, snow, dust or other severe

bocauce of a SCogng hebsadidptociorthERrRBRTLEHiaR. Hots, B é@?ﬁ%@%ﬁt in

the optiarid-i wirelR8s! Iopgcalf ante radis | frebjlBKcy O( Rﬁ‘gec&'ﬁnmaﬁue?ﬁ’& e 2t

contr ol d st at us' rmati on between 't he ter an ave statlons 22
and 24 iommnujmiaatmgadata/daawéeatﬁ:rsﬂtandm&sndndt&lnds; itbadfinsy andchisecond t he
data in the standby, node. The nmaster station 22 constantl nonitors a

recei vecﬁt@mn%aecwm ang\delivering m&@,ﬁlaltarewgrbaesmmw@gﬁrat rndhpecend pat h

26 from. he, sl av and vi.ce versa, in both active and standby
nodes. éﬁB%%OwPUfﬂgﬁ %SB?U%éhéﬂFNEBFﬂES power |evel information, each

station 22 ang fde SBLedIcHEA) ik ASFABRIcAMpING! il ? opibAT 81U dingr 22

needs to adj ust s transm optlc Ieve roptimumoptica

comuni dixsi station atridea qebondlom@ahtraﬁscémdr af the%éoond stationrfoe tranefiittinghat
the master and slave stations 22 and 24 transmt at the sane ogtlcal power

| evel . mndgaeceiving: A eplical cﬂlgmldﬂls@ld@hjsa figeospace eplicahpatha subjected dad
sl ave st tlon 22 and 24 information regarding the received opti cal
power f?%ﬁ@ﬁl gr e&l Ad%her | evel and the cal cul ated power

. dj t t i t :
sane ??a% ¢ ELf8ESRadkOREOHK #&Wfﬁ@ AW FTB"OBtCH irl B aht®
stati On%o?ﬁ?ﬂ3|n? BAisURF traisbevel althefifstistatisiand iagecuid R&" transbeier 4ttt he

same power level, this condition is referred to as "symetry." . The
symet r ythef secands nstattoeufqrotmmsmﬁtmg angf rectmvmgsarerRErsigealaﬂwougbtaatfi'ems 22

d h mred I whet h
he opt 1SPbaAF paYk SHalbl RUaapskhsicamiiars RerRreamor o 1t 1o
unrel 1 abl e of inetiehid v el QRRNRIRAEY ERudl it SRIGE rdliohfor

recei ved optical power Mev el OW an approprrate m ni mum and
its own dorivtiifg ‘th?él opdiraticn o‘?(lth@roﬂ)tﬁ)éﬂar\cﬁ RF tParfBueivers and i€ arfbesitted t he
symetry, neans 'that the transmtted optical power |evel of the other
station omcwmtlytvwﬁ\ the opticahsignal when the woptisal signdi communicatesdhe data,

| onger BN OMEPR SORE g COBIMNERRS Jas | dele; AROmonab Ak Stalisn
Blr ggggaﬂﬁ*@@b@ﬁ&ﬁ&?ﬁ%ﬁ@'@%@ﬁdggk%?@ﬁﬁ’gﬁﬁﬁ??egﬁe{ fefe re; regdI '[] ot Egr ein

as a "failure" of the optical path 26. Upon optical failure, 15 the hybrid
link 20 swtches to the standby node in which the data i s conmuni cat ed
through the RF path 28. Optical signals are continually transmtted in the
optical path 26 during the standby node of operation, and the naster and
sl ave stations 22 and 24 continue to nonitor the received aptical power

| evel of the optical signals in the optical path 26 in the standby node) 20
even though the data is transferred in the RF signal through the RF path
28. By continually, nonitoring the optical signals in the optical path 26
during the . standby node of operation, the hybrid Iink 20 can swi tch back
to the active node upon dissipation of 4 he adverse influences in the
free-space region 30 toF



allow reliable optical conmunication of data in the optical path 26.

| nformation 25 regarding optical failure is continuously shared between the
master and sl ave stations 22 and 24 in the status and control information
transmitted in the RF path 28) so that both stations 22 and 24 nake the
switch between the active and standby nodes in a manner in which no data is
|l ost. . The master and slave stations 22 and 24 share control F status 30
information by comunicating a control token packet 36, an exé ﬁHy data
structure of which is shown in .Fig. 2) back and forth between the

i ol ds a0) THLe R cPAcalbr e “BgRERS ., resite REAMHK BHEbRTh
communi Quzrakkel vﬁtmtm;:obtuc&al link pottidry ar@ @énirisiry dFRst RFtrdn¥ceivex 3phe firdthe
control packet 36 is representative of a packet for the well-known

Asynchr sialien Angnar scandy KRR Kappcaivek @tuthg sacondcslationfigs trangmitting: and of
t he hea efh kRY t n
processﬂﬁgelgb%t %g ﬁotﬁ)ﬁlgnﬁl angétgéwé cd gfgaﬁgwé’%g sa%:aﬁh?he&Sgﬁ%%lt%%P and
RF pat hsnmmatldn Z’armntmﬂmgemdaeopemtmnoof thalmppealearadtmﬂf trénesceivere.cTheused
| or il 410 SHBISBIRTTATORLEREIOIB IS BFIoRAltycleff-OBFal fEANSEoNers
comuni d y 2 T efpet

br ot ocol "1 E”C’t“*t‘%ﬁ?*ng”E?o%%’%a‘f"‘?’.es“aﬁét"h‘t@‘”;@ e, iR AR oo 10
pr ot ocoltrartsmttmgl\arpﬂ teasiving ithe dataaMrﬁamfeddelthe@ptmgl sqgaalt {ry additiery when and

t f Ao dat d ] i ti t .
Ther of ortBS ricAl poffh GiB.SE bR beeiie ™Sl pratemery tibeyeasy Peciiol gy)
The ATMr@u@domItrarﬁsnﬁgabﬁtdyetheenﬁhtarm;ewe?é avepttk RF pathe B3R tholighehe
transported 15 from LAN (|l ocal area network) to LAN via WAN (w de area

net wor k)dataieansfevring sepabilityahthel Bb path us éessathapibat ef thedoplical path,\wate .
oayl oad B SAF B gl Snfir Sordrse WhBRE Bbet S B ARRIS b B p82Gr

fields SBfaﬂedeiraﬂebyadBdmpﬁcaepathe destination, payload type) pr| ority) and
an error che b}eld The caqnt ol @gd 20 status informati on ar

encapfsul at ed krick cammunication link, kecaivrs the datacla bgd}'aﬂ/ﬁnf"ﬁe@ vesdbeoad
control 3 a'SE'E?"%'T*ﬁT%%‘}‘iS'f’ OER JBpfouRt 6, ST Paf phl B Ryt Bhk®, |

t r ans porttansférerthe clata ilreceisies framuthe opticaiand dRF ipathscemtotthe 1@ signal path.s| ave
tat 22 d .24 (Fi 1 )., .25 ldeall t he, t t ich t

packet s SptB ity Yo taon 34168 aref Eomiinai b dinks Torli 8 AdA SederRou o

depend QqRe ldptichidfik AMEtHLUROI SighAtfpatfh aRtcave nitRfeofZ8hdrbtieh ahd )roUt%s the

changi ng. However) given the small| size of the control packet 36 (53

byt es), data b@ﬁ‘d@%ﬁﬁ'@%ﬂﬁrﬂ'mﬁ and thenEOnsigaal Rathdr ai standly masienef eprratien.ofh t he
bandw d r control 30 packet 36 may be
passed tﬁ% %'ggs?o%f?tﬁgts[bn%ﬂsoié}?g{e% %ﬁ at ot her predeterm ned
intervals. . The content fields 40 preferabl y conprise a control packet
identification (ID) field 42) a conflict resolver field 44, an optical
failure field 46, a power 9 12 July 2004 adjustnent field 48, a power
adj ustment anount field 50) a total received power field 52 and a total
transmtted field 54. The control packet ID. field 42 identifies the ATM
packet in which it is incorporated. The conflict resolver field 44 is
preferably a single bit that permts the
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5 master and slave stations 22 and 24 (Fig. 1 ) to resolve a conflict when
there are two control packets 36. Under normal operation) there wll be
only one control packet 36 flow ng between the master and shavgySigki ons 22
and 24. During an initialization node, however, the naster and Sl ave
stations 22 and 24 preferably both generate a control packet 36, so the
brief presence of ,{he t\{vo control 10 packets 36 nust be resolved. During
normal oper at i on % K1eRontrokang statusipfaimationeand tiansmission statds sigaakingicatasons
22 and 24 pass baget KSR 2 t 236 Wwith the conflict
resol ver field 4%4??‘0# gé\tk!'ag@)‘er at %ﬁgi :' i{rg']t‘sen%gﬁgﬁ%ndﬁtea?"y&?ﬁ regpqndsdos .
In the initializ#86ansmyssion statusaignal thestabiishesithanthesdcive o‘ﬁ%tﬁdd@%ﬁ\o%%sgﬁd
24 both generateg, L0l with the canflict resolver 15 field 44
set to an "initi gﬁ&&&t{)@t éﬂgﬁ%?’ﬁ,‘%ﬁ %2'?? gefi i?'gr‘auatf@ opligal pathds glsst er st ati on
22 subsequentd y céumgoizedidhd oaosédémztdtﬁMWaétivéltle'tﬂe‘*st'thdw ﬁaoQQB?rO'

as

packet 36 fromthe initial state to the operational state, escri bed
bel ow with respeeperla Of;i g. 3, before routing the control packet 36 to the

slave station 24. Thea s ebmplth %‘gﬁg&aﬁéf‘w‘HQ?B%P?Q}%ﬁ%ﬁ%}gvgﬁé%éga ny

recei ved control mpacket 36 that 20 ‘contains a
set to the initi i° B8RS In which it achievea thecabaveatatadhinfFodérnemts dsari the i r st

control packet 3§ [ bk d 4 t The slave station 24, on

t he ot her ha&d) rbetggqlfge tajfﬁf%&%@s%@@%’ﬁg 45%]@# %Sﬁ'ﬁ‘?t!ﬂ" ?fsd?fﬁﬁ“%i!@r?fﬁﬂ'ﬁﬁt he
mast er st atil@n 2embadimests ¢fdherinventiorstaken imcoPRestivrewith thecadtbioahvings 0! ver
field 44 of its &,iaw sgfﬂﬁ':fw §§ .éé)n%trg‘gl rpaclig] toqﬁ;e oper at ihiggg?"th state.”
Therefore, only one CBAtTS a% RETY ssnmarizad: belgw and the appeanded.dlaims . forth
in the hybrid link 20 (Fig. 1).%@.&1&3{#&3@@ations 22 and 24
each re-generate the #:on{rol Bgﬁéet 36 It 1t does not receive the control
packet 36 from the otHEr! §@bl Re5anm of ashyhricidreless eptical and cadio frequenty

This timeout per(RR) comyndpicaidR link WHitHinEGRoRatesthe bra hgal failure
field 46 iségref erablf( aq:i;i ngl e bit thatﬁa'?n |ec§?’eesprte ge-&??\geg{sdﬁﬁ":,‘si on status
. “(

of the opticdl path §n'Hustration gf a gata steicture forapeconted! takenipazket s

functioni ng propgtikzsd Wthe@ﬁ’bﬁé‘bbl?ﬁlynl@gﬁ&?hﬁ{?ﬂd% iﬁ%ﬁég . or slave station 22
packe

or 24 (Fig. 1) has pgssession of the contro and cannot detect a
10 12 July 2004 pr%&@@iagnaﬂe detailed dlegkidiagrammfithe Agbrid dommunitation link
transmtting at QHoWnrlﬁ’FildT“lfn optical power |evel, then the master or slave .
station 22 or 24 sets the optical failure field 46 to a "failed" status or

i ndication: On the ofigd inamgrewetailed blockidiagrasiafa master aptica trahéciver2 OF

24 has possegsi Kk 3 ndg 5 can,detect a proper signal
in the opti ggl gg‘tdg aéw?‘ri@%t' Erﬁés@(éf §{“‘8?‘V§T'§\98m§1%9639ni‘zkahowa?rssigs3t he
op'éi cal df aihl ure fiel Hig® isamnr:]re'l'dgm'(’l bidckidiegram dg%draﬁlb}ganse&m iﬁt@rﬁé’é‘éi ve
node and. t he optj ' eld 46 i.s set to the failed status, the
hybrid Iink 20 H’-‘.ﬁg{”@%&f%ﬁb&%@"ﬁ%ﬂﬁﬁ'ﬂe "Qétsm‘ﬁ"%ﬁ@- & operation to the
st andby node of operEtg'.GHstmdeMedbto%ki&ag?&W%iﬁéJfﬁa fvel [HterficePt N

10 28 (Fig. 1). in.the standby node and a control packet” I's received
with its opti ca|”"f\{2ﬂc{)r°gthqh‘@fb&'dzf9 igagion liek skewn in Bigu8, the hybrid Iink
20 swit ches28 rom t heFgyf Zn¢lBYioWeHs &nk : )
adj ustnent field 48 i? pr ef g‘? abl 'y ?ﬁabbglﬁ?s sréf p@ggﬁ%’é’?&ggﬁ%"@ﬂ%@ﬁm%&& he
control packet 8§ stave stajionsde adiust thetransmission opticalspuwerdeved pf theaptiédl power

| nor ement ed. . Thensceers sAbid h (6% Bnd b AfSeniblé ulg Gariiay ave slabfs iicumation
bits ' indicati Agntelfeddmthencortipl paikehshdwn indFigizig station is instructing
th ivi tatiog.tQ;:adj i itted tical I I". Thus,
when the receivi ng ot PRSI b Brsruredlr Sliatina dbladtnsaissioryrome
poveer adj usionentheldpticel gih29trie R patdttng Ririd &t GHREOFYR sHGRTR ﬁgﬂége

i ncreased or decreascgg%(gg)g the receiving station concurs t
| evel shoul d be®F RE§ 8mankerteanseriyerinierface enit shown imFigos. updates its

transmtted optical \ ?ﬁ@&h j 0 mount i ndi cated by the
power adj ust ment amﬁg}@ﬁ ée%ﬁégs eg’t.to%? gfe Q&e)g%?@gggrp 9 @ﬁtﬁ 52 is
preferably sevel@Nsmypeian frem batdptical path 2he RF path op thehybriM@Immdinit&ton
received signal in the optical path 26 (Fig. 1 ). Upon receipt of the _
control packet 36, the receiving station preferably conpares the encl osed
total received power field 52 with its local transmtted optical power )
| evel and/or the | ocal received optical power |evel to further confirm.any
anmount by which it is to adjust ifs transmtted optical power |evel. 30 .
The total transmtted power field 54 is preferably several bits indicating
the optical power |evel at which the station sending the control packet 36
is transmtting the signal in the optical path 26. (Fig. 1 ). Wth the
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12 July 2004 which it is transmtting the signal in the optical path 26
with the optical power level at which the sending station is transmtting
the signal in the optical path 26 and can synchroni ze the op2uggl200ewer

| evel s or confirmpower |evel symmetry . of operation. 5 ~ More details
concerning the hybrid link 20 are shown in Fig. 3. The master station 22
general ly conprises a master optical transceiver (OI) 56, a master RF
transcei ver 58, ANkABPWA in Fign3cas execuledibyrd slave trangce{ver ifteB8ccaiinlt shoWRsiher
control int erface;:i%_rg_t (CU 62. Likewise, the slave station 24 generally
conprises a slave 64, a slave. RF transceiver 66) a slave TIU 68 and a

slave 10 CIU 70. . The naster and sl apetdiled U_B@Cﬂﬂﬁrﬁ‘l communi cate with each
ot her through the opt;h‘g_‘ab .aeags in wé optical pa 26 which are projected
or directed through thEYPEf WYEIESE Qptlieal @pd £adie drequenen(RE) commumicatibe linkst er

d sl OTs 56 (thadhyb 1 ' iqpat tical
[ nk_por ti on of t; Hgﬁiﬂﬂﬁ'ﬁﬁm?isﬁﬁ*"%gﬁ'ﬁf’ﬁ-e?mhéﬁ‘rgﬁﬂﬁﬁ%é%8'5%?5?@?%3@5%?

transceivers 58 sowBninatien techiplopy épreferatii aser bystems whivh rBEctphgnal s
broadcast in thechh i Jacrestrial free-space region 30. -
Thus, the mstercangﬂgkgeéﬁﬁggé.&mér@g%é%,{s & §ol )%&JH EPReRF pat h 28
general | y form ateRhnelpogy (prefarabiy midrowaee)y lathidve avireléss t@ﬂ@stﬁglhﬂe}jbﬂﬁ portion
communi cates in ' optical 20 |ink portion of t ybrid
link 20. The RF %%5%%%‘8%% %’ﬁ'ﬂ%‘%&&ﬁ"ﬁﬁ%‘ iR OBWMATGatiop of deta hetwaertwane
master TIU 60 ancommunicatioreend-BbidtsiaY thé hjtied RAKCARAL sthdrisod S S ohde sl ave
TIU 68 and the sin@/ﬁ%x%ﬁjg%?th sl ave station 24. The master and slave OTs
I

56 and 64 process $P Mo wiggless.cammunisatiantechnologies (agticalzarid RE) f or

transmi ssion andintbe apbricdiink 2@mct%t%bglheaﬂﬁtiﬁ;véalt'%@il%ﬁp%eg%il ggf 4,al so

anal yze the stagég and controbeé nforpmati on o e content 198t the

control packet YaREQ (.9 ovar =2 il i distanea), ppipblo-paintwiseless. Upon r ecei pt
of the control peswhALnidation. he master OT 56 conpares its optical
transm ssi oqspovver wiith the total transmitted power infornmation contained

in the total2transni tedyoeddink 20@refembly ganprally)conprises dhasteetybridl 64 30 |
syrmet i cal powe HpacatRRfsiétori(aslitsiaio 24 BaT 2 weree Bepriarpompmniention: ¢ ne
optical power | ejationfslavestatiom) 2Aepntapticalisignal, seich Rk igaberiam, iié’pxbﬁé&’c(ed
optical path 26 ; t tion.s sessnent of the recelved
optical power, v{ﬁ?éﬁﬁg&@a &%2§’u+]§{qgéﬁsfg§"%§wa:ﬁ@ﬁ 8 ricfonavedtignal,iecei ved
power field 52 droadeastiaceRFeuitic28it Both tpe@bﬁ@alié@namﬂhs%gﬁéé?' a&?éé‘ﬁ{,idﬁf% s
al ways updajygd g igﬁl e é%n#‘ éave Ols 56 and 64. Th magt er and slave
OTs 56 and %4 upo[:a{i ?@%i%ﬁfa é arejcansmitied aeross gierrestrialficespage wi t h
new control dat &egiohBOdietwedr the meersstativh 22h§nd)f?feiﬁ?é\}e gié‘ticﬂf%r hevel of the
recei ved opti cal ' power ev'eP d submt

ng thei.r transmtted optica
t he updat ed contcpaﬁﬁggg'ﬂg'ﬂe QB“%GF&BF rSignalpisdheneby casmunicatedbatweei the 60 or
68 for routing two stationyR2INHD4S liFdd r TL Us and 68
route the data to Ehei r. respecti V?%@g?’é’!“@ﬁ@}%&g%@ég@gﬂﬁﬁ"r@&?g‘@r 0SS

an optical data™M38'eSRndslavastations 22ends2h eespectivaly, totothertdommuricatiah beans
26 are funcd§ onigtilioRs 'shwi) & @ticedn spheric, d adati on of signal
strength and integrit gﬂﬂl . \gm ‘ls n ac%egv%?n‘gg[é%@émﬁﬁép%?‘%@fgﬁ% lvtoraus 60
and 68 al so reclarger eammurinstian ngiwortker sysem| Fite dath tfahsmitiedh the StRafFt i ve
master or sl aveaﬁq:r%?@'bgs §s4 %é'% gfco%r 8/ bus 76 and 78, respectively. The
mast er and sl ave AN o8 P3IPH P JQ.3jpalRaths:3% and 34 at one station 22

or 24 and is delivered over the /0 signal paths 34 and 32 at the other station 24

or 22 after communication through the hybrid link 20. The I/O signal paths 32

and 34 may be any source or delivery path of data signals in the communication
network or system. For example, the I/O signal paths may be fiber optic or wire
channels that connect the master and slave stations 22 and 24 to other wireless
stations at the same location, thereby making the hybrid link 20 a repeater in a

30
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15 36 in a data streamto their respective nmaster or slave RF transceiver
58 and 66 via an RF data I/0O bus 80 and 82) respectively, far transm ssion
to the receiving station. The master and slave TIUs 60 and @§Jﬁ2@b@&t t he
control packet 36 fromthe data streamarriving fromtheir respéctive RF
transceivers 58 and 66. The master and slave TIUs 60 arid 68 al so

seanml essly switch 20 transm ssion of the data to their respective RF

transcei vers 58 asflie6®f suctiybridHinks@0dn HeaédtsmanBatictiet@brk ‘?}f (&R, on
urein the

tained in th | packet 36 (Fig. 2) indicat
oot cal path 26 dhERenh e sinel aals a2langrAmenbe partcf larikimspt fbbe
optical path 26. dticeritelcopriunitaonTRRS 8§ gt Brasth el Rt Sumy,

route data to eitfper the respective ave

the respective ma eeﬁ’atﬁﬁem"y%ﬁ?éedqufrﬁambmidwmké(ﬁﬂapndmﬁﬁs§émdlybé6?9!9@" y)
t hereby ensurgng dﬂtﬂbr@ﬂﬁﬁﬂliﬁﬁmm cation in the active node. In this case,
when the optical path 26 falls, the master and slave TIUs 60 and 68 route

data through the respdbteiopticalpstre?s sades bigite ﬁEiddr%é@ﬁieU%ﬁwnﬁ.ﬁi@{gign?)%th

t hereby ensuri ngsfg hﬁ@%ﬁlt ﬁ){ﬁl {v%%i | j1t g“qi n the standby node. e
control packets W\Aﬁé 'fé E| "Bbe stergad slaverstations 22tand 24 iavan OT
64, are routed t a@ctivemodsioftopdratib®OThe ' : ckets 36
that are recei vegm% th!e Sl a\eﬁ_le U 68 ﬁ%ﬂg%ﬁb@%&%&@e%?’%’?B‘%ﬁ er 66
are routed to th @tien Path;fes central angjstates infarmation used to ddhtrol 2 Jul v
2004 processihg. opbtifibn o st T r ontrol packets 36
generated at bot hﬁend'snof theétﬁdngr%%jjg ?ﬁk?ggﬁ%%}éﬁ 2@?? FSefYey %Oaféﬁgkethe
optical failure PAEKYP dalace cationpath inat stardbyomedeotidperation, CiR-the f i t her
the master or slg fddan f an tical failure, the .
master TIU 60 5 s@gtsg t he' %ﬁeggﬁg@%ﬂ%@‘%ﬁﬁggﬁ‘{s@ﬁmQPWF%QQQ"S?G has i s
al so the master failgddntransmittingosuessssfultyar roliatsly cormuArRaling thef dgiticdl s‘}%rfalto
mai ntain one con g i i\nuous use. The sl ave TIU 68 Senses
when there is anifggg%kﬁg'@?%e %%cle\??&@ﬂ?bg’ﬁé"ﬁ%tﬁﬁﬁqt@aﬁ 22-and 34, @sually dus toand
concl udes tHE t e dagsading atrbosphietiesr efhoe mfMeAdtsSuahie@dns i t refractive
active-to-st andb}hﬂ 1'n this case, the slave TIU 68

sw.t.chin rocess.
switches the dat g@ ggﬂ%?ewléﬁpt’fgﬁ  SNAYG dustariotherisenereoweatherchnddiodein  of
t he speci fi cati othe teoesttiakfrdd=spacdreani i into,the -
overal | hybr i d Y20, T@sé‘gﬂe bt F?tﬁa‘gsggﬁﬁaﬂséetoﬂgcﬁqggi)?féﬁgﬁ@ﬁﬁ
accommodat e. a vabi é'Pélo@P HiR:7fithe fqnipentintbe optical dinkpodtiontof thalkybiriddink For
exanpl ) m | i t ar 30.UTks RFTph RBERERAGYSs Softrdl drict st RGRAEHHfuddiihg SYStem
. | ,

t hat uses prQapriet a@; fre'guenmes as&gneo! by the
wirel ess sefVi ceMBPEl R Flavastatianp 82 and 24dn bath the aeties and stanldby modes! 88d RF

transceivers desadtittchally raf8ifitsite détéﬂifﬁéts&ﬁgbbﬁ%‘?d RF wavel engths. 20
e

Wien the master RF transceiver 58 receives andl or confrol packet
36 (Fig. 2) from the Thednasterstatigns2 comstantlytraoniters hirecsived UsticabBowsraevi|es

It for broadcast i | v nscei ver 66 on the
recei ving side d%,f'szsé?'gblﬁ%é@@k%uﬁbnﬁgﬁbﬁﬁéﬁb&@o@‘ﬁ@e Rlavejstation 2dpandcover
t hedt ransni t't ed \i¢gyyeraa, inbgthasctive.and melvawe%n Baa88lohthe Pé’é]:e'f\féd @%)mbef ore
sending it t Qv 8. Asimlar process occurs for the
opposi tg el y- %?owgbn&g;bal—wggmayggeﬁa@iﬁﬁ"%r% %&?‘? glcylatescan ampuntdydrtich i s
f1 owing through théethepstatieh 2dasri223eeds t@g&jhsﬁisr t?é?{shﬁf?éa o{)tpz%g ﬁﬁgg,ggg?@g,

e contro us

serves as a rel i(ﬁ)@l@gﬁatth }o transm t and receive t

i nformation in t PR cRrEREnicgtion inthe optical pathe26: sAdditiohallykit isar e much

30 nore reliabl gréfepabloviHaeitRsh ' | I vere weather

condi ti ons. The?ef,ore) it is p?g?';?@ﬁ"gl’?§@Pﬁ§9§ﬁn§?ﬂﬁr%§wtﬁs S e

hybrid I'ink 20 tapticalifiower lavek ofvs pait oftiné controland statusrimformatic, thd Mabtofes)

al t hough t optg ‘ ed.to carry the control and status

i nfor rrgt i omngt&"@?&"‘n ﬁtél}lc?ﬁg %@Jéf%#@q{g iri{orma lonyregardlng the received optical -
power level, the transmitted optical power level and the calculated power

. adjustment in order to confirm necessary adjustments and maintain the same
transmitted optical power level. When both the master and slave stations 22
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12 July 2004 quality optical signals may be conmunicated through the
free-space region 30 {Fig. 1 ) or when there has been an equi pnent or
functional failure in the RF link portion of the hybrid |inko3Qybse
details concerning the optical link portion of the hybrid |ink %0) 5

i ncluding the master OT 56 and the slave O 64, are shown in Fig. 4. The
master and sl ave OIs 56 and 64 may be all-optical devices or may

i ncorporate convaifl A6 trapamittiag-apticat|sigrialsoat the eame PloveP lbvell #5s ALARS Lss
used to incor por ey {oos..g?r é‘%?t l,ng codes, and possibly proprietary & ader
insertion. It is preferred ML he optical link portion use an adaptive

trol techni qie ¢ . | ] It ti | th
power control technid mm&tym*dn%mhféwqé%%tﬁ%}@s%rlagﬁ GRiq cal pa

26. The master %&' [56 tcgiqsl ave OF 64 ‘are gener Stnrcture,
and operation. é'wgﬁ?” Beraieceitnee sttian 82 OT 26 40 detepmineamatedeélycal
recei ver apebt urnghdiff | : - Lfier .92 and 94) a channel
assessnent unit 96 a?]’gmgé); g?'?%ﬁf?%hﬁ%t%lgét% r Qgﬁjéf'%‘i‘gqthfcﬂmwemﬁ)lSa 15
transmtted powdfreliabie er naffectives Vilineh aiSstation a2 oPPA idefcts tha @r&&&flec}%

d 110, td | t sh t h of t t
permts t LE?SS{Q‘%%P@E%@’E 88 3n 5RBropes{erpshaid gt endatsapm opr | a1 ¢
control signal s tamstrittactopticahpower.leveh & &t maRmuRRWhIGE dLot %M
terrestrial frees; Lon 3 enerally co risesémas?er- - ?téxle beam

odiRifiaf 68 BB apted ander fave

112) transnitte DWer lavet ofthe othed stationiis alota at he
optical rect vemasirautytherd8dversslcanditicisan giéb@ﬂ'{gﬁtzitaﬁr?$§§$%3 rigg r\t,%(? hav tted

by the optical transmtter 110 and receive y op
aperture-88. Si ﬁéﬁrqcﬁ'g ﬁg@mﬂwa%%ﬁen nRdongenbe consifidredrss refatsiodr| v

simlar, only tkffoct ' : er O 56 will be

descri bed. Tﬁe sae \’Zygagﬁg?g?iﬂg?qgﬁstadégﬁ'@{sertdgﬁ'%gé@‘gprﬂ&tﬁﬁmv}ﬂﬁﬂ“@?Gﬂ@nts of
the slave OT 64CaTRe tinsfasred in thabroadcand R sigreal #BthedRe buBi2d, Mehis con%igon :
sl ave-t o- nast er jdy@fdfr e b he optical pre-anplifier . The
optical pre- arrpll i i eré%t% ";é?n%f‘i%sir%ia'l“rtﬁ% oglté%%tﬁ%ﬁﬁgﬁéspd&ﬂﬂngmﬁah@"ﬂ@eded to
detect a dil® i nHif Rybsidl lisk 26rawiichesita the stargibgimafrih HH e daga fat 2)

depending on th ' , Of the 30 sl ave-to-nmaster beam
11% Thg?_ogté | caz'r‘;ag%%ﬁﬁ i%%ig??;g;gaﬁ?éaﬂpﬂﬁfm%mqonﬁnyailyn the
mast er ac ca
power . The -a”p“%\%'b@?jagg?@vi LS?{aqEﬂ ipésrf%g o':lwgat olegf‘%t g-%ﬁmgﬁﬁfﬁa@gt&ﬁgt ster
TIU 60 (Fig. 3)(or ms VB ftations ZAsontisue tamenitarithe eaceiviegl optichl  The
15 12 July 20@werndeved af t t ighd | yw channel
assessnent zéni te\gegﬁ th18 @i%@? %'gﬁﬂf"}fﬁgid a?iﬂ e o?éﬁﬂ‘gg%éé@w@mn of the
sl ave-t o- nfist er°bean 1! AR tansiaTrecn therBFi signad thirough theuRF pdth 28 cpgat e
the anplified beoabinualt hifdrig! ' t; esspe unit” 96
determones the gual }jt Wﬁ? lt r:‘?gstﬁgggﬁ?lj[s -ﬁ%:'s'{@?&%%?éqﬁ%?n%”@g%g this
nformation to THAIRAPRRS PRErRlAN, dmbyhsiddink 200camrswitch biable td thansdtivet ed
ower dat e umhbdd i ] ' 6.impl ements a
(I[:)onven'ltJ Ponal gi itaPﬁ%[i‘ gﬁg'Famggbs‘S%ﬁﬁéﬁ%ﬂ%} hlﬁﬁfrlpggpage E9gior 80 to

conventional fiSPY Tgliakle eptieal comguinication af détERGHe oyptical ﬁﬁﬁ%ﬂtmﬁﬁﬁbﬁaﬁp

. ti : | ' ' t] | ) - t i 10

control |1 ey { oGt} SfiRalYalbiels EBMHBLEY RBarellgtwoarpharaasted and save

rﬁcei ves t Ihe b&tations 22 and 24 ty;ta? sfatmﬁdleorﬁﬂblﬁﬁdﬁﬁ"maﬂéﬁ %%?Qﬁ,ﬂ{eﬁl{ﬁ%e ag ang

the control pa om.a control data input pa > “Based on

t he beam quaIOi g’éﬁi?ég“éﬂ( tﬁb%ﬂﬁﬁﬁ%nﬁﬁgrﬁ’i@%ﬁ%@@ﬁmmg h'etvfm thadictivee

i nf or mati on comnhdistersibymodes iﬁ@%énr%ﬂjid;%ﬁﬁ%o J,#gtsﬁgg@ 48 (Fig. 2) and in
I'g. 0

t he power adjustnent, amount field 50 tontrol packet 36, the
transmtted power ugﬁaf'@sﬁﬁﬁqndﬂﬁﬂecﬁ@ 122cand 24 skare controlfandstetus | f any)

by which t30e oRifosaation ) ﬂ.gaa ' dj ust i ncom ng opti cal

signal on a data-in pat hi 1% %@E?to m {:ﬁg}ogtﬂ%ﬁbl ﬁk% 8p exgmplagy dateeam 112.

Thus, when t heS¥v@keefiwhich fsshownipdig. @, batk arddfbribhBetwedh tHetQigMRS THae
control packet 36 comprises header fields 38 and content fields 40. The |
particular header fields 38 depend on the particular communication protocol
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20 control packet 36 containing the power adjustnment field 48 indicating
that the transmtted optical power |evel needs to be increased or decreased
and the beam quality signal fromthe channel assessnment uni 4296iv@ooyi des a
concurring assessnent, then the transmtted power update 'unit ¥04 suppl i es
a signal to the optical transmtter 108 to update the transmtted optical
power |evel according to 25 the anmount indicated by the power adjustnent

amount field 50. K i . b 1 tter 10 not permt conti nuous
power adj ust rrentf@@u ﬁée g‘gt\bv'esré)%ﬁﬁ?s?%?ﬂnjﬁﬁg9g%t Bér'? %ﬂﬁ@mivgmalpackeb
i ncrenents. The for thesweli-kesivipAsRichtdrda dr M&Uk ¢ nti onal
digital signal R5EHS0L Dn:F)> 31’g‘lrlgtgori t%%r?ﬁr?fééi t her‘%gér@gﬁﬁ@r{gfb%'el d
progr anmabl e _ga!t&g %%ﬂwm ?fdﬁbf'%lgﬁ?‘@m s scoriry totae ATivhpratecol
Che mmater O 56 neardCTHERreESIng Bt e HBLITRERE LRBorR BBl iofalEn e "
optical signdl ofPticAbahiRE pathsA and 2Bisfindepenkentafsoetrarispdrdifl td, fthe -
3)(or~the data-i f |y 2004 the slave TIU 68 (Fig.
4% § > The data-olt °§§%@%§°§%@%@%ﬂ%‘§z H‘J?"%é{?fh ensaPsyatiangfithe eentral t(andg
ot a1 0 bue T et oo oSl basken SBFiay b} ibferdbior g D1 ' o2
ata us | o, the slave . The control packe
generat or 100. re@%@ﬁéqtﬁg pﬁ%’zﬁ’ﬁ?'d{f’&pﬁ’wh%hwy nNk26hn Fhe N@ndadﬁnmrnet
assessment uni t Frétomor(IP ewitchivy petdsrs aﬂ?‘ha'é*%'é%?g{g,&gﬂigﬁkﬁd pover

update unit é0‘4 and generates, the contr packet W8 control
packet gene;l t orPfq creates the control packet 36 and supplies it on a

control data output f i I ' . 118 and t he
control data outogut .ggtéhmrggmé%%;ai |i ébg&f%@ﬁﬂ%‘n&%{q"&aé%&%a? r the
control bus 78) SPifEinmdelayfarawiqeadate: vigemand imagel@sminomicatidméystéms,
conventional di gt | g : rji,thmi.n either a
conventional fi g]ﬁg?%‘r"?g?é@&&% '%&ggféé'regédrggﬁ??E#%%?"Y)ng"@%fﬁf’bﬁi"Pﬁﬁarh@SP
ope{ at: Ing in EOMM\BMWIWM@I&UIQ etablirga 'standérdrs'S‘-bﬁtardgg?@ggqraﬁfgﬁgneﬁﬂoml) )
controllin e r e r.conditions, for exanple
ei ther t heg1nsast é@ﬁﬁtfﬁg I('gg%'%.e% H%%é‘@s‘@ﬁé‘d' i%@i‘f’%”ﬂé@ﬁ&ﬂ&k)- o'FhQJATMg
optical signal Praocalicen ajsoibmdisaddmpuliic Whd lprivaiedVANst tfﬂyﬁﬁP%@%eilt s

hi ghest opti cal c&ﬁ&&gr&é?tﬂﬁ Bowgr. t tgls .. .Situation, I e nmaster OT
56 detects the oﬁgtlcal ol ifa %ra(fhegrﬁa phislds B8) and a paylord o6 48 bytestdic
opti cal f ai'l ur eirforeiatiod§thefdonten? Fields 4b). | 6 to
tﬁe "failed" st g%ﬂ@aﬁndwgsrr%gtes {l?l'eﬂ,sgg%ﬂ%e{]ﬁ%ﬁgﬁg?m&%&ﬁ%ﬁnﬁ%%eéﬁgTI U

60 (Fig. 3) via Bt Rayfoad kepe: priogiy, andyan grror chedkdiedd.aThe eanteal anet ect s

t he opti cal2(eastatlesdnfoanbii - | e ical fail re'
hel d 26| to the é%ai.l e%é sgg{]ﬂrsd%pﬁﬂﬁttegsﬁ¥ﬁg%mpgﬁ%é%%e@%gé‘ Wf’kFLel -

sl ave RF transcePh¥ih B Raviqad tuye Gield sehie 001 aorsameotiter URique iddntiiae 't 0 t he
nmaster TIU 60. [haralivs bed ca_ﬂtHal?Qc@t%?%@%&?%%ﬁgﬂtggak@ %g’gfﬁt%ﬁg@g%%?ﬁ ‘o

either the nmaster or 25 slave station to sw
the RF Iink por¥$eshtodranspert aihier cantréleind 203tug intaraiation BetbbdrbifbMeadidiearst andby

node of operatigg ' ' ljpk failure or degradation is detected.
The slave OT 64 t %%E%%gzrgﬁéggﬁlﬁgwata fromthe optical path 26, so the

sl ave TIU 88 senses ldeallyatheaateeatofhiets the\dohitolsackb 3@ R lfubus 74
rtli%‘)an of theﬁﬁbg%‘ﬁ?érwggm

and switches t e, RE | ink D
t hereby al so egl?' g%?f gﬂ# g'&"? ﬁ@“gpﬁhg Wg%égc"d'\d depend endew fast the quatityraf|
packet 36 (Fi g.the)ptitaltpativ 2&{Figt sbﬁaﬁd@ BSWETerSEivbt m‘ ]é_.% ki ster RF
transcei ver 58 sendF tt&e gé)nérgl 13)|§acket to ?f%’ éilqg(‘/e %&QSOF&Q
contro pac et 36 (53 bytes), its transmission will consume an almost- .
insignificant amount of the bandwidth of the RF path 28, Therefore, the control
30  packet 36 may be passed back and forth at a constant rate or at other

predetermined intervals.

The content fields 40 preferably comprise a control packet identification
(ID) field 42, a conflict resolver field 44, an optical failure field 46, a power
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12 July 2004 transcei ver 66, which conveys the control packet 36 to the
slave TIU 68 (Fig. 3). The slave . TIU 68, which has probably already
performed the switch to the standby nmode) routes the controhggag&@b436 to
the slave OI 64 for processing. Wen data flows through the RF path 28, 'the
hybrid |ink 20 continues 5 comunicating control and status information
between the nmaster station and the slave station via the control packet 36

(Fig. 2). The cedistmentfield8,aipowe adjustinenbameantishd 5026 kot r§§ei€+&g ot D
e optl ca

hybrid Link 20 kK to t node
SKO{N!S i rr{apoverreh?'dﬁycﬁﬂ‘fq @?ﬁérapg@tt@gﬁgfc{ % nTheI' ﬁ@ntfﬁi;g@ketdadleid 4)2/&16@&956

and 64 moni tor IHEATIDRERSTHIGAICHt s Meoffbralyl cal path 26 by attempting to
exchange a synchronization -bitstream at frequencies similar to those used

to optically transfefhe epnflighresolver fieldiddds geafarably a simptbit tlnaOpafmxtshﬁe RF path

28. Th th d sl or
26 and 64 a1 HesRlaid oivh 3BALL2 SHRATER 1 crhsols ArHictahan therd e
The synchr oni zatwaeoriiiol packetan3s. sUadermouaerbpbaatidmg th;é?e g{ﬂgblé ghlgg@mf% dgilﬁ((:rgfe q

align the maste nd 64 before t
t he?ebet ween. @?%g%h@f"é‘ﬂ "E%’ée ﬂ@t%@ve@ﬁw%amm é4.nBurlag apF
transcei ver 58 inftiafizatidh mdad@h@wd%ﬂ U masBandsiave stalivns 9

n bfetdbl
to the slave OT, fﬁgﬂﬁ?g%%}egpp&gﬁ the sl ave RF transceiver %g ??33* gﬁd%md

vice versa. Fur® Pagket 38 pe theckriel presance of thewoadtret andby
nodes occurg Se

condi ti ong and ﬁ%drkﬁaﬁs?émgf‘%gveggﬁg?tpgﬁﬁg ht he ﬁggg?sngﬁég@} @'gs?éqcfyg 60 and
68 route the dafade.dhemasterandistayersiations 22randd4pass Gexk Bhddodh 64irghe 9. 3))
respectivel mast.er and ave OTs
56 and 6417 ansyyrhieppackel S8l e Shrict W neld 4 86t 15 ShskPai@ions) Fete
power . Afterwar@dndi e;g:g In In the laitmllzanoni"nddep howeverpiid MadtePaNEsladb

each station 2 t a 64 adj ust the
transnitted optzslg{\tﬂ'I ovver 48@?'9%1"3&5%? ‘@Pﬁ%%sggaﬂ@ﬂh?tcep chresolxey 110
(Fig. 4), A8spdiald wsgt toiam “aﬁwrstamtortumleatomr(atgeatd)Ebthﬁelmﬁsw station®® pre
30 anplifiers 9 The master and.slave Ols 56 and 64

will . both be @1838 a?ﬁisch Ive ﬁéeé?JY?fJéﬁld 44 drnits contoal pagkes 3.6cerme

symmetrical povthe inithaltstaté tcpthe et'aﬂbﬁapét feh
hybrid Iink 20, e gl ae&dﬂ(g’ahgwéc':dewrﬁg opfsa&%a FI i nk

cr b
portion of the qnd;’ﬁ ralrcpq WQ%W@@HPF@‘?@G&% slave station 24i Jie roastemand er

d slave OT dit
?(r; t ﬁea\r/r:s% ?‘ ﬁ%\@‘?igt\%s_(ﬁﬁ lﬁndﬁ%& gﬁﬁ%eﬁ#ﬂr %@p&ggtswsa Rbhib! S;%%ﬁe (?@gnf regl |

buses 76 afd 78PN genflietirgsolvrifield 4dhsetitatha mlttaéstateveThme teomaster 5
packet 36, the g t I cal
path 26 using theﬁpzzgeﬁg%ra%g%téﬁggr&ggmw pﬁ?’%%%ﬁle%\gﬁ'@wﬂgﬁ@thgpa €ors 56
and 64 adj ust tﬁ'ﬂéﬂerst@tmr%pmtlwomand ¢ocsives ane processesi the firstcostesisi ng and
updating the c t as de cl i bove. The RF
path 28 provides a raglflﬁI Fﬂygéggtéﬁ rﬁéﬁ’éﬁ?ﬁﬁﬁl%% "hggﬁg‘ﬁ the) and

sl ave OTs 56 aontiot reFolyer tid 44 oflts tumgemwmtraupw@stdmmmronw le

t he ot her ln this inst he master and slave OIs 56
and 64 wi | eas‘:'hJt Fhé'%fcfr# gff'\‘ ghe fentQl pa %@ gwasds pagssadback and| ds t he
control packet forfhinghe hiprict ik 2®(Fi@a¥)k%e$ﬁd§{él$aﬁd3slg\)’é1§t%{|§ﬁ‘é éfgh&%power

adj ust nment bet ween t he mast'gr and sl ave stations an € nmst er

and sl ave OTs S8CAFRrIRNerate 1hg canirel paskelsi6 if it does nakieceivethe poteol packet!

h | 4 56. .
e al e e e shatorl iR er St inedimbBFtuSPREL s B3eRils, o
gze(gpt i cal ;rﬂﬁgﬁﬁ: maybe usgscenfigutatde.(Fi g. 4), ] thg malst er 0{ hsI avte C)'I'I 56 or

i upda r, based only on the optica
power ?ecelo\gled Ey Zgﬁ? ﬁ%&aﬁ) gPﬁweﬁéég%&ﬁﬁgyyéﬂ"QB bd‘)léhﬁt ingicat eﬁg%ver)

whil e one of t trensmssien statusbtathe oﬁﬁcﬁ@aﬂf 26¢Figs1)l mtﬂ%tﬁé%g\@tl)eéltp%m Uﬂ}' ng
r e ot her

its transmtteg O{B\E' evel a e@he recer ved optical po

one of the nasfgr® cgq:gn\%pr@?e %%Fa% ilaghy Vihenevet the masterersiave stalionst i ng
Its transm tted?2ppRRFign{ i.nk 20
(Fig. 1) may fall |$1tg o;slfﬁ%l %F?iéﬁéﬁoﬁhé%géir%eaﬁ ieglgfn:ﬁ ﬁﬁa}sa@%ﬁ&de% sl ave
Ols 56 and 64 keep adjusting their transnm fted power |evels back and forth.
This situation reduces the efficiency of ife hybrid link 20) and is
therefore not preferred.



In initialization as described above) the master and slave OIs 56 and 64
each generate control packets 36) and each OT initially sets the conflict ,
30 resolver field 68 to the "initial" status. Etch OI sends{2hgyo004r ol
packet 36 for routing to the other station) respectively. Durlng operation
in the active or standby nodes after initialization, the master and sl ave
Ols 56 and 64 ensure that the control packet has the conflict resolver

field 44 set to prmersummiatuhert@lucaﬂ;ﬁth 26andw:ytr89%ttﬁ{gaétq m {i 1 and

sl ave OTs 56 and 64 fl F ard an recei ved control “packet a| ns
a conflict resolRPMEr{QVES thery eggaste Prishave statian 22 or 24 setadhe iﬁplnna,l fanbee mast er

OT 56 di scards ftfiaR) 46 tcsh " o, r t sl ave OT 64.
The slave OI 64) on theé oftg%eur s@%ﬁgel;irﬁgiccgﬁggseggh 8&’8&@%& Vﬁﬁﬂgvprﬁg

control packet IASerAnSlave statians?2 aT24Bas pmsseesnblhef nﬁsdoﬁtroﬁp@éklepae aﬁd

Cont Pol LZ&%E ”fﬁﬁeﬁ;’f@%&l’?@f 9! B sbcs boun 253he bipestarionsinench ”"ks
56 1 om t he o ﬁ§gh%°{ o ?"ﬁ?"é’éﬁ e L A i YR M eReRE L 2o

may be controll f’ & asie anche optical failue field #6ds aﬁUWhmﬁailesl stitus,
operation by exths l‘iﬁﬂrldﬂinkmﬂ (FRg! 19 QRitEIds ﬁdtﬁw ol v??%dé%néfldz;%{%énégih esul t

of internally assessing th ual ity of the optica pat h
in the manner comemaicated Dvanthe
h j§ E"’P 5 E&d Gza’gefﬁﬁenrvdwretheedaiaa @ricsted Dvanth 'RFpath

conprise cofgout 28%FingFEWheﬁrinm&@&sﬂﬂgﬁﬁ’&n@g%ﬁ tpc(ﬁcs}%ro' %@ecﬂor}\ he' ' "9

15 devices, which s the contro or-s

operation exter HB\'WQQ'Wfﬁaﬁ%’F’dG@G‘ tontheroKay istatds, itk hyg@idnimk 20eswitohiet roffthand

control | ed throggiq system control |l er. Wien the hybrid
link 20 is conflgurg%lh@or ex erna?qﬁéﬁr the master and slave ClUs 62

and 70 cognand t he nHkA powematijestment fﬁlwdawpmm‘aﬁﬁ twb BRs %%b?rthegélﬂu ave
Ols 56 and 64 a e ranscel vers 58 an Fi

3), to nonitor ancfﬁ Q%Hé %Lééwggﬁosq?hq?@: te whgther thadransmittedopticst ergTI U
60 mai ntai 1S anpowerdeeal anB/fe@'éMdgestﬁutﬁ'tnéﬁ%&@be%ﬂbﬁ&lan?@ﬂ%@ﬁ%gt ogh_1 s

accessi ble by t hus he nmaster and and 70

U 62
command t he nas{']lg?er@%ﬁgr p?‘f’eigdfﬁﬁmgﬁha’ﬂwmrf@%@%ﬁ rrefegably seyarat bitsm t he
swi t ch bet ween' indicating thwamad'ot& milmdﬁyséﬁa%%latgﬁq}s]mﬁ%@ml r‘%éeﬂpgve au

62 or 70 rrayls%ﬁac to swtch to or fromthe sta

system mai nt en g n@q@ﬁﬁ@'ﬁtm“sﬁﬁ lﬂOWﬁfﬂlﬁMﬁlrlEh@Nﬂ\etharecaMmg) t he
performance of s$thtoriRicaivies rid
link 20 is_jnternall c:)nt ?‘(i)hf?@érgﬁl g%ﬁg?%P%lg%ﬂeﬁ%@%ﬁﬁ?%?gygve to
st andby rmaés dJpeiGating.thab the: pawarilgvel peeds® hepincreaset endedrabsed sndthe
degradati on duegk Ve e.of either of the

. master or sl avee %‘Y’ \és?%tﬁm Qﬁ;théﬁmﬂtgéﬁwplﬁ% %‘a“t“kw&éﬁ%mw ed¥de happens *
aut omati cal |y VHREreased, merfsggmag.s&atmnmdatasns transhiitted oticat pawer 1668l on 30
recovers suffi t and eff ctiveness in 20 12
Jul'y 2004 com"ncjérﬁg%ﬁ%m{‘ﬁ a%‘?f!!ﬁéaé%g%ih ﬁaemamm figldt59. 26.
Thus, the master an hsltal‘aérdéthdQﬁWdela(meWefé _Iy Qév%ré]fbit@ cﬁ%%%zfng ghgnt rol
i nt erface it e master and sl ave

mast er and %ll av‘:‘tedplg)%‘lspC %%%?Bﬁ hg1gceiNed ﬁ'ﬂ@?’é? t%@‘@hﬂ@hlﬂﬁ (IFHQins)cUpoers 58

and 66. Havi ng recgipt of the costrel’p HoYé
i ndependent cgnt rPlb aﬁﬂ th theaaeén!d:?zé c&v@gas‘(éhqﬂ' G%Qatﬂg%ﬁﬂﬁﬁe&m%re
useful to supp§f¥oze H‘)QFQ'IV%PQWBM%M@M%W&lhealﬂgamsnnltéd opticaDpowdrer ei n

each station 2%e r brid link 20 be
i npl emrented in d\ﬁ‘n? e‘?’gn'!r%vxg% @Eﬁ%d 8€§ b %&ta'%%el QMF%F@E"%W?WR >Iél g.
3) may be used bywhi ﬂsetQﬁsijlm{dE tmsmtttadtaptlbdqmvdrdbvwnf igure) naintain and
control t mast er i In the absence of the
RF fink pgﬂ i on of ? ﬁg ‘??L’@‘Yﬁ?ﬁﬁ%‘ig%e gﬁle%ﬁé %&ﬁ%%b'é(ﬁm’@@ bitsingicating 60
andl or 68) a udhg optidal poweﬂbvgtatwmélﬂh@matmlseﬁaﬁr@tﬁé EBn@&ﬂﬁegﬁs%‘Tg' I fier

e

| evel s of the (t)r%t | Cﬂ{T Q‘r ansmt{ters 108 and opt.i cal
pre-anplifiers §AMS e(qig’ba "hﬁ"ﬁ qriisalpath QQI(E/IQ di)eriéﬁﬂblthgtom ttamsmittext ance
between the mapbwer feld 59, MereclivingGtatitih &k compare the optical power level at
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In another alternative inplenentation, the RF path 28 may carry data

I ndependently of the data carried by the optical path 26. In other words,
both the optical path 26 and the RF path 28 are fully utili2gduy 2004

si mul taneously for the 20 comuni cation of data. In this case) the hybrid
link 20 may be installed without the presence of either the master .or the
slave TIU 60 or 68 (Fig. 3). In this case, the master and slave OIs 56 and
64 (Fig. 3) openwhieh itisiegresnditing ftye signalie thesptpsal pat ﬁ@%tf@':gfitfcﬁpé&%rvers
58 and 66. Thus)| neii %hﬁr t he rra@;.er nor the slave OT 56 or 64 generates
control packets '3¥e! abWhichthe sending statiem isdransmitting éhevsignalrintheopticas path<2éown

in Fig, 5. The r@pt&h sPhéhr@ﬁiz@%‘@?@tgaY gﬁ@é‘ﬂé@égﬁr @orﬁ%ﬁi%jﬁ%el%y@m&ltrgr

mul tipl exer 125) a demrul tipl exer m cr opr ocessor
128. Control |iréoper¥ieNnshown) general |y connect the master ClU 62 (Fig. 3)

to the m crogrocesso ; ter. Clll 62 can renmtel y_control

t he master 'ﬁ'l U 60. M}%@?ﬂaﬁ%g& Q‘Taetéwhp?rﬂ)%r@'r’ggﬂeqrgl%w%ﬂ?&&&'@ t he

swi tch 124 t hr ougastersation 222geric?&lly conywivds antlagtecaptical trasscdiier (OPNEEra t he
normal active rrgﬁi rfE}IPP rationl,the switch 124 routes the data t rough the
optical data 1/ %ﬁg 2 rgasqeh\@r 5P B1asiSF tiggseatyqy intgfface wait (THD) €9 anda i s

connect ed t o t henastértdoptrokinterfads de jieli : ' er
e O o 04 2 £

126. in the standby .node of q ]

t hr ough the nul tcPBféé&%? af%aeéﬁﬁ%rﬁ $ave BF teansreiven 66, Eoslave) THLHES mnd aestaver
transcei ver1®8 @uxo.3)) and the switch i 24 receives the data fromthe
mast er RF transceiver 58 through an incomng RF path 130 and the

de- nul ti pl exer 126, thmssswangrslaygaoméﬁem}64@ommrﬁmwhaeachrmh the RF

| ncom ng RF pat 1058 HR el S¥eprin B BACAS WyeB 3 pisieélac atevies

master TI U 60 atroughet restrigffraa-spexeaegien 308 . Thllsetherrhastor and@Elale OTs 56

enerally multi atral ket the 10 dat and the
ermui t1 o1 exer o8k io PO BarP A Ssrerdl Toirm S tedl M ttan afibe: ne
dat a, when 15 t hgbrid bnid2Q. bikelise| the mdsteraaringisve Rp‘fﬁhgéeivér@%aeaﬂ@?@eneral |y
packet is multiplexed

no additional d ] respect, t ich the control |

or de-rnul tipi egéﬁ, ugf%&eewﬁlﬁga%?tﬁe%r%tngi sigaalgheeadcasfiindhe RF path3) in
the active mode28lanrassiies tnsstiial fro8padd RITBH SOITTRAY, R Aot ahltldlio e 15
master or slave,TlU 60 %9gggfromthe respective master or slave

transcei ver 58 SRNEENGN §61anddbe RFpath g8 genetally ferm a RF linknpartion bk
other station. ehybridginRBoPaNS RIBIKICHSHtior cbmfn%hréaﬁe;st i@*bgéﬁférl Qvithttﬁgo er

and slave Tl Us 80 and 68 . extract the control pac omt m ng
RF data st r¥am Bt Bertion gfithedybrid dinlg 204 The RFhend omticsil timiapontians bath ainnaédt

respectively. Taeakepst r al, packet . a
rou!toes it tg thte&?rast ér&égé Eﬂg;@@&hﬁe"g gggﬁa?ﬁiﬁ?%{aé\?/edﬁ% ‘géhé)mﬁlégif s?ﬁ@nrcl%nt r ol
packet to the sfadthesiawTiy 6hand thersiavesCtlhefithe stavestatiom 24The control bus

ol Pl ever 100) | e MaslePRAR 633 T 68 and of pillichs BAE KSR RSB cHnch of
]'Ehese ﬁl enent s Beams lncthewgptieal path 26 for Fapsmision &nel reesption. 'W%Kﬁ%te"r%ﬁei ved:
romt ter ' to t I cr.opr r 127 and t
19 1 8L LT S 55 B A odnomipnntoe i 1
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whet her rgggi vsé@e?‘rﬂégnﬁﬁé P gi@tpé#k%%%grw ngiﬂ'ax‘/efiﬁfi? Mgintain Ito 0

det er ni ne whet heymmetripalgower bperatibni The imdste@ndfigve AT S6rid e é&j&ét‘(ﬁe or
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m croprocessor 127 that, upon receipt of the control packet 36 fromthe
master OT 56 (Fig. 3) with a conflict resolver field 44 (Fig. 2) set to the
"initiai status, changes the conflict resolver



10 field 44- information to the "operational" status. For any other control
packet 36, the mcroprocessor 127 | eaves the conflict resolver 5eld 44
unchanged. Wen in the active node and the m croprocessor 133 (jg,c%bges t he
control packet with an optical failure field 46 (Fig. 2) set to
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12 July 2004 the detection by conventional circuitry in the switch 131 of

t he absence of data on the optical data 11O bus 74. The raster TIU 60
processes the control and status information in the control 1pagkepol! ow ng
bet ween the master OI 56, master RF transceiver 58 and 5 the master ClU 62
(Fig. 3). The master TIU 60 includes the buffer 128 to dynamcally store
and down-convert the data rate of the data received fromthe 110 signal
path 56 when a spidcebsihé. : [ o&tnit 6 to the
RF path 28 is orgter ed, thﬁgﬁft?éépﬁﬁgéq?%gggéd toégﬁ)ere d’gféac&%hrﬁﬁzt he rest
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packet 36 (Fig. tReFOG i i I8, RO .
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the optical traRg4ye owver |evel based on the information carried in the
recei ved control packeét 36 and the power |evel of-the received optical path
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t t g t { t t t Tt
yori a1 k20 SROeRE e RS i RY Hanal A atocosssathe R sibteo ressier tes
optical fail ure tfangittetodiait e 1414l "R ' il the
optical 11 por{on o E?ph%y PP e e ERnfoL efhel) pBicfe yaneiia i,
transmissiof? THRNG ﬂévebt 881 Arsinilarnsospss wcagrsdortgappositelyioeimgdRF he
"okay" st at us) %Wmté@eaﬁﬁédg@{'g@@%{ﬂpperat'On to resunme. The

adaptive power control procec step 142. At step 144) it’
i s. determ ned whet heWhileedajaia flawing thrawugh the pfical. pah 26 inbetardireetstisy e | f

not, 15 then th . 0 t,step. 144 waiti for the
control packet ftR ﬁ%ﬁ%ﬁ%ﬁé Fe@ﬁ'l? éaglt‘ Z‘q H"f"ﬂﬂ&f Bﬂééﬁceﬁﬁéggfﬁmﬂ?@“d
positive, i.e. stausinfarmatiopirthatcontrel 6t 36 (Fg.vad, i e
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det er ni ned Ythet A& {‘H% I than wiesless anlicallinks ypderseveraewgathar ¢anditiors)

i ndi cates that trhergferecitie ; ' ad i 0
initialization stage when tgrﬁg&g%lﬁ?{)rl t@?%@%@eﬁﬁ@rﬁ?gﬁgﬂﬁhl&gn‘égpwga'%%gle
uinitial" statuSOQEel@ndstatys infermationtat ell times; althqugh Hies opticallpathc2éiady dad t'he

procedure retur ' i L next contrql, packet. 1 f the
determ nati on aP §%&f g’péatﬁ@hiég%ﬂggla I v%?tfulg .'rggnﬁﬂi’nc‘fﬂﬁf B?ncﬁlég%e‘f’h%?'%t
generated in the initialization stage) then the |ocal paraneters (e.g.

| ocal total received power based on the bedf 25 quality.'signal fromthe
channel assessnent unit 96 or 98 (Fig. 4)j, and the local . total
transmtted power based on the setting of the transmtted power update unit
104 or 9 06 (Fig. 4)) that will be used to update the control packet, are
retrieved at step 150. At step 152) it is determ ned whether the opti cal
failure field 46 (Fig. 2j 30 indicates that the optical link portion of the

.



t hereby exhibiting an uokayu status. if so, then at step 154) it is

determ ned whether failure of the optical link portion of the hybrid |ink
20 is indicated |locally, which may happen in this situationq) fubeo#ptical
link portion of the hybrid link 20 26 12 July 2004 is deteriorating nore
rapidly than the time it takes for the control packet 36 to travel from one
station to the other. If not) the hybrid link 20 is presuned to operate in

the active node, quafityid, dpt'b g gﬁ&g map%g md?ﬁ‘fﬂ‘éd;@aé%qﬁgf%t ed o tlcsl 3ﬁower
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to reflect the "okay"The ataster GN56 pagMte adrmvmrﬁrebbﬁéﬂuﬂéimﬁr&?étn}cg;
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and t he total reI aded w th the val ues of the
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bhen thecont coi S BERaster phAR U Gt GRET by B sical banamiter Todmcrer f 1 of 4
44 (Fig. 2) 27 rei:éwédlby tﬁaeﬁt|mmemrquhﬁgqu The optical failure field

46 (Fig. 2) is set t%l ndjcate th status. The power adjustnent
field 48 (Fig. 2) an fﬁdmteh T $6rangiibe slowe QT 64 arecpaserallyi similar) onlye

both preferably the'felérﬂeﬁt@ Pl fehdlioR o?me' rﬁﬂéter‘c &Y 'sa"Gy Pé g'eggrib%?aﬁq\g S&lﬁlﬁemen

it is not pggsm e to further increase t transm
| evel ) and $Pncel§scription appliss ta thecarpsponding slements mfrtlaastwemdemprh@m

| evel wh The tot al d
Prerd 5o (Fi g o oafeRpivelpahiie 88 rbatiasdhe SiovedSmedldl boay H4ncbendeat
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master TIU 60 (Fig. 3)(or a data-out path 116 to the slave TIU 68 (Fig. 4)). The
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failure field 46 (Fig. 2) Is maintained at the "failed" status. The power
adjustnent field 48 (Fig. 2) and the power adjustnment amount field 50 (Fig.
2) . are preferably set to zero. The total received power fi2lgdy2804Fi g. 2)
and the total transmtted power field 54 (Fig. 2) are | oaded vvi¥h t he
values of the local 20 total received power and the local total transmtted
power. After updating the control packet at step 166, the procedure ends at
step 161. |f theopligabpre-amplifien Satis sorpectb@do tife BRgNel ¥SsessMEhCalil S8 hat the
| ocal optical link rti.,on i.s._operating properly, then the optical path 26
i s assumed to hab¥ VE@C%?/@?@&"‘Q veral thegpawesilevsh skihe slavesisamaster beamdi ogl v

t st 168. 25 {eadin ' i t ) t nflict
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ep

. . I
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at step . AU Step 171,

Fig. 5) is shown.in Fig 8.  Th ced tarts.
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currently 20 o ' . . 1f. so .t the command is
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Thereaf ter, theOphwgansmittenaaagatlmaﬁqntzhgnaanshﬂttém@ptftﬁn pé%ﬂé&ét%é\*‘dir@tﬁp :
174 is ne | Ve )ad . ' i n | S, current operating in the
active rmgz?f5| t h)ehné ?rﬁ%wg'ﬂrﬁdg@%tgﬁ hgélae PW%\H&"@H“?W@%&{“G QﬁaeTl'éﬁg optical and t he
procedure ends transmitter 10Bmay rdbpérmit doptiAGdR pBwetd ttﬂ&ntﬁ&@ ﬂwe#gcﬁﬂérs

Fig. 2) 1n the control packet

negative) i.e. the optical failure field 46 (Fi
i ndi cates the fﬁ%f" ‘B'Pe"%{“éé'&éﬁ ed by small steponcrements. dEhe transmittedipowber

the hybrid | nkuaeté Bt 104 mpleiehly @Bivéntiohd BuIBFbioheL MBFSseat (DS, N

command is issued to switch fromthe active no e at
step 182, and t®Eofthariasither awenertional fieltisrogtammableigife atrby (FRGA) or a

det erm nat igan 3 D’S%Q t] Iy €., hybrid, lipnk 20 is
currently Iggera%'ﬁgnﬁé\@he s?%%ﬁﬁﬁy& ﬁné&é}%irf%gﬁ W'&&E@‘% Vﬂ%wﬁ‘ébd to switch
the node, and tmiErprocessor (natisHewn) contrelling 1% madter OtRsgul y 2004 A procedure

for the slave TIU 684t0 switch between the active and standby nodes upon
the switch 131 (Fig. °Piﬁ?t)‘ﬁ%!ﬁ"§§?f@%dewmsmmwmwmaj.s@nwanmn t ha

optical data ||datads pdth 120 feomthe masteh P60 (Fi§! S(orthe Hafa-in path 120 from
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procedure starts at step 184.' At step 186) it is determ ned whet her data
is 5 present on the optical data I10 bus 74. If so) then at step 188, it is
determ ned whether the_hybrid link 20 is currently in the sqggngoagde. | f
so) then the switch 131 switches from standby node to active node at step
190, because the presence of optical data on the 1/0 bus indicates that the
optical path is now operable. Thereafter the procedure ends at step 192. If

cur ront 1y i n tho aarrs 3 eEFRT R, TRERE b Tant 1T ad b el ot ae) °

currently-in the activ there s de) and
the procedure ergesetally Soreptheasticaldaté ¥OdrisenarionABETY tolthé kit 89UED (or

t . t th t | data I1O Db 74 4
Chen at Step 1047 Polcet Ofta ) RE2A cintoln W e Sgvss T 68k 201 < currontly
t th Th f
et ve mode 0 X aE,'] %‘1282?'31“5?‘29&%&?“‘?%@2@? I ogetn Qs HORal ol

data on the hasgassmant vmwfcamcéeowqadwtmemma fratvi the trrahsmu@kl t he

tical path. T
Goter i nati o a{%!’?ﬁf‘“’%‘* (it oo Raues e Rhudl et 76 (Bid 2) o capirahe 1
in thg : st2 gndbPaﬁkﬁi@Pnem 1Qftreaties tlnmcmm@gpac(:(esﬂﬁtanb subplle”ﬁtlﬁ@a agBﬁtr?lhe
roceaure en ri has e advant age
gf hi gh- speed cggmfaaént@ e‘lﬁgﬁé?\ EUSHOP%—@ %H‘FB%F’%M eﬁﬁptth%f*ntf%ﬁ‘ﬂﬁaned \?\Ilth
areli gblﬁ co(rjnmntpmapamrﬂaiagténei‘aﬂy fonm:meodonagﬂﬁd thé‘E@HtFBi?)hQ'?B ?ﬁge}qﬂ"
as a' acC a ,.catl O ro e OI’IOI’]O
hybrid Ii nLkHCb Thgg'ﬁ&/@rpaﬁﬂ ‘lﬁﬁ’k‘ ﬁ‘i‘g ﬁﬁﬁﬁnmtnoaﬁl @aé@@igmel processor
bandwi dt h=upon smsp):algomhhhm éilh%ﬁa%Mﬂtbﬁéﬂfh@pf@@?érﬁrﬁéblbIdr%{fea%%{%q AP the

RF I'ink porti onz) ? data conmmuni cati 'S ma ough
at a lower rate®r q’ﬁ@"Yeé'i 'Pﬁﬂ'i '-Pg'f' PParaling o cormbinatiqnywith theneormentionsik porti on

permts the rel mb&&é@ﬁb?;ﬁ&%%?@bnt&ﬂ é%tgﬁn fsgetween the naster

and sl ave stations 22 and S0 synchroni zati on and power
30" symmetry of the Hﬁ@qféeVamﬂéﬂfaefeCOﬂdmoharfgr o@rpld, dithec the dnastsaomslawed

even under @vemes@@mmagabﬁa&aa st offtR @édugﬁdpgréﬁa? bFeaf PhthC !

link portion. Even when th tica
status i nformat 26WN|6@'§HQM@Q using fis htghllestl opﬂbalrlmﬂsmwtingfpowbr | In thigar ed

bet ween-t he mas tions 22 4. Many
ot her advant agegﬁ%rtligﬂqf mregrégséégpg‘ évazﬁ’?w%g "iep?%i%we% gﬁﬂ@g@ prashenytheyi | I in
the art) after oaster OF 56 wmeomum%umwue gF:gnzl) wmﬁ rtl&_h@mrdv Padiet t ge
present inventi r rre the invention and its
i nprovenent s 5 a\(/e'E %ﬁﬁ%&ﬁ%éﬁatw #f g%@tﬁ%@ contralnacket $&ia the mastars
descri pt i 020hasTHEen (Figds) \Iba/thﬂ)brmbl BuLT@®" O/bro%aNPIH: slb@e @'T?Hb&latgﬂs the
under st ood thah@&g ge%ﬁg’ Jﬁge present I nvention is f1ne
fol l owing cl ai h gotRdgyeNHRey, QT Bdysets W\etQRHC%VaHUfe figlst 46 | ed
description of fothe pl’eﬁéd?rstﬂds @A P6ULEE He cortrol p&IKel36 RO sl RFC @1 M8 1. A
met hod of comuni cat 9
transceuve 66 (Fig. 3) via the slave TIU 68 (Fig. 3) and to the master TIU 60.
The master TIU 60 processes the control packet 36 from either the master or
25  slave station to switch the data communication to the RF link portion of the .
hybrid link 20, thereby establishing the standby mode of operation, when an
optical link failure or degradation is detected. The slave OT 64 then stops
- receiving data from the optical path 26, so the slave TIU 68 senses the absence
_ of activity on its optical data IO bus 74 and switches the data to the RF link’
30  portion of the hybrid link 20, thereby also establishing the standby mode of
operation. ‘
For a control packet 36 (Fig. 2) that originates in the master station 22,
the master RF transceiver 58 sends the control packet 36 to the slave RF
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[ [ [ [ [ terrestrial
12 July 2004 data in a comunication link extending across a est
free-s%ace regi on between two stations at ends of the link, conprising the

; . . : : ) h a
teps of: communicating the data in an optical signal transAbigchobhroug
fSr eg-space optical path subjected to atnospheric conditions between the two

[ [ [ [ [ [ di o frequency
stations; communicating control and status information in ara
(RF) signal transmtted through a free-space RF path subjected to
at nospheri ¢ condransseivers, which conveysihedontrbOEkE0IB Y the k4 c-'énnj;[*réubn@@tal)'ng

the data and cont Tor 8t ELE68 HrEEH hasrhab Are weperiameiigha swihwsitat t cd | n
e oo pace Manay b vasss el b 296 WSS OTEG doBline, ..

itted in the optical signal throug e optl :
1éire? inflrend i ﬁ claim 1 fiVheredata dpws typugh thedRE palh 28; thecloybridinka20 cuntinbes RF

[ | cont agni i I ' roation betwee _the‘stations-
cont 1 nuously- 3. R iEARG cBht Srknd Rk b o Belyibn o dBrle oy an
steps of : sel ectth@glayastatipnaia thercontnel papketsl (FRAZN The thAtIMRRE

Commin: oot 5 | e HAEARFEA AL U GRS Bebabncdorshviminank
oo Cal Sl rqgaageni T SO PSSR TRACREARHIGh B
SBt | cal patg h or cﬁﬁﬁﬁl?{& Eé? ol agd ﬁ}ﬁyﬁg%& $hgnd ﬁ@cﬁ menitar ;b'@sﬁif{t;uptalrllc& défg?g .
e P o T A e e (g Hehl, o o
st eps of:
routed through the RF path 28. The synchronization bitstream is generated by
the master and slave OTs 56 and 64 and is not transmitted to the master and
slave TIUs 60 and 68. The synchronization bitstream is also used during
16 initialization to align the master and slave OTs 56 and 64 before the data is
communicated therebetween. '
It Is preferable that the master OT 56 and the master RF transbeiver 58
(Fig. 3) always deliver power similarly, or symmetrically, to the slave OT 64 (Fig.
3) and the slave RF transceiver 66 (Fgg. 3), and vicé versa. Furthermore, all
20  switching between the active and standby modes occurs seamlessly and without
data loss. |
Under normal operating conditions and normal weather conditions, the
master and slave TIUs 60 and 68 route the data to and from the master and
slave OTs 56 and 64 (Fig. 3), respectively. During initialization, however, the
25 master and slave OTs 56 and 64 transmit the synchronization bitstream using
maximum optical power. Afterwards, depending on the amount of received
optical power at each station 22 and 24, the master and slave OTs 56 and 64
adjust the transmitted optical power level of their optical transmitters 108 and
110 (Fig. 4), respectively, in order not to saturate the receiving optical pre-
30  amplifiers 94 and 92, respectively. The master and slave st 56 and 64 will
_both be operating using the same optical poWer level due to the symmetrical

power control properties of the optical link portion of the hybrid link 20,
described above.
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[ failure to receive the optical signal comunicated in the optical
;S?ﬁlgg ?heacharacteristic for selecting the path; and conmunicati ng LQF
data in the RF path upon sensing a failure to receive the opﬁngbogig a
32 12 July 2004 6. A nethod as defned in claim4 further conp{|3 |% the
steps of: sensing a power |evel of the optical signal connunlga e
optical path as the characteristic for selecting the path; an

f the optical
S onal communi cated et e SfcaTfYdaPeing ARRE 20 & Siadadinns e
f Ih?(ralghol d level lmtlallZAthtth@maater dad lslaed OTs 58 thdTﬁﬁ(M?eS)eddih bhpg%h?n%'%“{ﬁt
r
power Tevel of PRk STH SERERTE 1 MESEraN SBVedIUsAQ Aed B respectialynusinga
conbi ned char acmer Carttioh blisds ZArRr78, Resdelfvdlp! Whn%%’a 1o RESive The eftiokal

communi cat e at h upon e recel ved

signal fall %énﬂtég'?ﬁh%h@'ewmtw @K&pfﬁﬁﬁahdled Neepmi)l(?%&dng lttse b tgagml tele?
" ot ho a0 Hor Rpusiginesargd BRloAle iR Thn NG i ereBts denci v
a transnissive @ﬂﬁgﬁﬁdl‘-lsi/tfleiféfaﬂpm't@d'tpmeg revel mm{;ﬁg@ gﬂ;‘mﬁi@?ﬁ ;' ,‘[3 ﬁg
bata tn the Fe SBHAFI bl MR Mol 60 ot e ol s ona
conmmmuni cated in t he ya REpathp28 providels Iaﬁﬁllﬂﬂé @V%@rgef?ﬁgﬁfegﬁﬂﬂﬁg ?,"gé;ﬁ'ig% tlt )alli (r)n
2 h ]ccau erhZ Ir ggglrmglafgafg@bg ﬁ%'%?ﬁde%“fo& (!%: a‘ﬁ,sﬁHC{'ltthéfgfeﬁh opaEdiusts itsipower wiitei cal
si gnal through ﬂb@tnmwaai?l forits tpaﬂwgrgtﬁi%ﬁﬁﬁ?ﬁ ﬁ\edrtﬁggtrgr{;gﬂ@ Ik;%g&ﬁrés iﬁ érbfsgf
Pﬁé Ihu q Ilgg fn?gﬁﬂ@tqa&ﬁ R kin%“grps‘g@gt@ Paverdeval ontyswhaercié holes the control packet.
Thus, the control packet serves to synchronize the power adjustment between
the master and slave stations and to allow the master and slave OTs 56 and 64
15 each to adjust its transmitting power level synchronously according to the
reception level of the other OT 64 or 56. :
In an alternative technique to update the transmitted optical power of the
optical transmitters 108 and 110 (Fig. 4), the master or slave OT 56 or 64 (Fig.
3) updates its transmitting power based only on the optical power received by
20  the optical receivers 88 and 90 (Fig. 4). However, while one of the master or
slave OT 56 or 64 is in the process of adjusting its transmitted power level
based on the received optical power, the other one of the master or slave OT 56
or 64 may be in the process of adjusting its transmitted power in the opposite
direction. Thys, the hybrid link 20 (Fig. 1) may fall into osctllatuon modes
25  wherein the master and slave OTs 56 and 64 keep adjusting their transmitted
power levels back and forth. This situation reduces the efﬁclency of the hybrid
link 20, and is therefore not preferred.
In lmtiallzation as described above, the master and slave OTs 56 and 64
each generate control packets 36, and each OT initially sets the conflict
30  resolver field 68 to the “initial" status. Each OT sends the control packet 36 for
routing to the other station, respectively, Durlng' operation in the active or
standby modes after initialization, the master and slave OTs 56 and 64 ensure
that the control packet has the conflict resolver field 44 set to the “operational”
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i ~ization signal in the control and status infornatlon;_and
:&Pfgﬂfhg t he connun?cation of data fromthe RF path to the optical path
based on the information describing the characteristic of tnnggggoyed
synchroni zation signal included in the control and status inforfation
A method as defined in claim4 further conprising the steps of: |nclud|ng
informati on of the sensed characteristic in the control and st at us

i nformation; andt&@s. TAE misley aRQRhVE\DTS S aﬁd Bh%ls‘b v%d ctomsro(d ata
from one path to tge ot her path based on th sensed C arac erl

i nformation i nclPAGKeE hat qoﬁ@'%%@?'éﬂwtaﬁ@plgefa'talﬁﬂ aéﬂmﬂa&t Lumtlal” %&ttésAoTlesggld as
bower Ievel Cat. upy mster OFF o6 BiRBRS IBHisF Sorhicf Bahet B kisivac o g | cal
Bat h by both st QT 64AsThe shyelﬁ'laﬁhmthemﬁneréﬂg?%teﬁggbsrrgg?\@nzorﬁe%%l éhgngtr—lgy n a
br edet or m nes g fcREIHS Pk VEaReP 6F°8% Sincelite mater sationz? changas:
ot o S ghnl oty ana e et lenepsperalion wétus i ble Sinitfbadkel o 1o
SBL? gi : mS;? gﬁly ?‘f?@tt?aﬂ@yrr}"&/@ﬁs eiﬁnél g! th%éndj@f Eﬂ@tire-genﬂratertmaeoritMt her
conpri sing the phokst 38if it 46641ietirbddiAiHRRIdnfrB pARUPS8 hE¥ Sho BIRT RIBNIER: | O

t he
information in e control and status | nform |on ran _
two stations; aﬁf@@%’f’@ﬂlt%ﬁfﬁgethe sane optical power |evel for the optical

d f o 1 QNS donteotlcal power
Tevel synchioni zati ons otk 20 ey biBonlSledi SyNER Beenats prie s 1a
further conprispieg dbhé\osiﬁep&opﬁratltg'ehpeﬂbrnwyhbplldd)ﬁmo rol SIgil‘iglﬁZélsa«?%Iﬁ?sh g ot her
stat ot and i niegsaf ofEhS des8RIT e dihuly ' 1°€ heticab herBin tnecorsical us

i nformation whi pathl inme:maeseramtmcrlﬁedﬂyrhﬂ’mg%lﬁie ?&is t@lgi?ifg#]l?% ?% rh](;??n 7%)211&%3})

ggjt ,uizﬂ ' 2 ,e gﬁgf | §%9ﬁ§W@¥r§L qnghems or other ?ypes of network control and monitoring
16 devices, which supply the control signals for switching modes of operation

externally. Therefore, the hybrid link 20 may be monitored and controlied
through a local or a remote system controller. When the hybrid link 20 is
conﬁguréd for external control, the master and slave CIUs 62 and 70 command
the master and slave TIUs 60 and 68, the master and slave OTs 56 and 64 and
20  the master and slave RF'transceivers 58 and 66 (Fig. 3), to monitor and control
the hybrid link 20. Additionally, the master TIU 60 maintains an updated copy of
the most recent control packet 36, which is accessible by the master CIU 62.
Thus, the master and slave CIUs 62 and 70 command the master and slave
| TlUs 60 and 68, respectively, to perform the switch between the active and
25  standby modes. The master and/or slave CIU 62 or 70 may issue a command
to switch to or from the standby mode for system maintenance, equipment
upgrades or other reasons relating to the performance of the data transmission
in the optical path. When the hybrid link 20 is internally controlled, however,
the switching from the active to standby modes occurs automatically upon
30  optical beam failure or degradation due to severe weather condition or failufe of
either of the'master or slave OT 56 or 64. The switch back to the active mode
happens automatically when the atmospheric conditions in the free-space
region 30 recovers sufficiently to provide reliability and effectiveness in
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defined in claim 15 further conprising the step of:
igj ué~irrﬁzgh?ﬂeazptical power |evel at which the other station t.ransmtts.tge
optical signal to the one station according to the adj ustnmumm?j@(?m Idoi ]
included in the control and status information. 17. A nethod as de |n|e I
claim 15 further conprising the step of: adjusting the optical power e;/e
at which the one station transm’ts the optlcal signal by the same anoun

at . one
St o aq) " 1aoOMmUPIGERAG te U ARl WL RN 280 Thls PR et

st eps oi‘ 12 Jul 9"Q§Me§éU&62|ang 7@rma)oﬁweotem§)r?tt?ﬁ;?@?:ngpﬁﬁné%ggc%tr iae RF
Dbl i od o the SonaAdt e HRE: AR Save T ipd Aar Bithe mestaransetave s B8 .
19. A hybrid wir ehe6¢ aogtthemasRend afive ﬁﬁm&eﬁﬁréﬁénﬁéﬂﬁ@bﬁgﬁdﬁg' | nk

en first and second stations
second stati ons MBS GIB24nd aeeva 6 Ag pfwedeiandenamdenmnr}tma\emhwzef st
opt Sef‘){‘f’n'k“p(‘i??mn“é‘ae"?’?‘?.“‘2%95*?#’8*“%%‘%?3’%% O EPartBuPOdyiaE he i ¢ st
glto altlcgn and apse@?ﬂ? fthe@ubulmtezo amhetrde %ehtsraﬂloamtarmzzf ®'operated
transmtting andinag &idenflg an optical signal - through a free- space opti cal
path subjected to a m)spﬂgrl c conditions therebetween; and a free-space RF

link portion in paralThe hybridtink 26 nay beimplémentea ® &i H?@férﬁ%ﬁo‘fﬁé mshsh 2

on and a second RF fransceiver at
the- secont T0ar raniFiafé pluFes abd 70 1FEn Y e emamm@gm umwm.gma
free-space RF petbfcosﬁwrepmmdltéwmﬂ BOALSINE MaS@h GhllisRive, d‘t? ?Fi&, 3).
wherein the RF comru lg control and status in orrra
controlling thesﬂo"glﬁﬁ{’ (?? heﬁ}é iJB'E PB’A‘P”%&FWWHAWB@&W(&Mmashbrlan_d/or I
transmtted conalaveeTiU 60 dhd/br 64)& @&Wﬁéorﬁ'bgfrit{he‘@gﬁ@alté@éﬁgi éﬁ(ﬁe si gna

data and
t t he data)..and wherein the RF sI
ESL’E‘QI angsst atRig-amplifierlevels of mmtipﬁbtransmwm 16B@nd|110dFig. mpancmmum cate

the data. 206 A cpuBENSHeSMpIiRGrs'92Undda (95, 4)SFshBetilef) Wepencjlﬁjgr She
conpri sing: distance between the master and slave OTs 56 and 64,

In another alternative implementaiion the RF path 28 may carry data
mdependently of the data carried by the optical path 26. In other words both
the optical path 26 and the RF path 28 are fully utilized smultaneously for the

20  communication of data. In this case, the hybrid link 20 may be installed without
the presence of either the master or the slave TiU 60 or 68 (Fig. 3). In this
case, the master and slave OTs 56 and 64 (Fig. 3) operate independently of the
master and slave RF transceivers 58 and 66. Thus, neither the master nor the
slave OT 56 or 64 generates control packets 36, '

25 ' More details concerning the master TIU 60 are shown inFig. 5. The
master TIU 60 generally comprises a switch 124, a multiplexer 125, a de-
multiplexer 126, a microprocessor 127 and a buffer 128. Control lines (not
shown) generally connect the master CIU 62 (Fig. 3) to the microprocessor 127,

8o that the master CIU 62 can rembtely control the master TIU 60. The I/0

30  signal path 32 generally connects to the switch 124 through the buffer 128 to
send and receive the data. Under the normal active mode of operation, the ,
switch 124 routes the data through the optical data I/0 bus 72 to the master OT
56 (Fig. 3). The switch 124 is connected to the multiplexer 125 and the de-
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[ | [ [ to the optical link portion,
first swtch at the first station connected _ _ _
?heRFIink portion and the first 1O signal path, the first switch routing

the data between the first optical transceiver and the fi _rsqzbl:% oghgnal
path in an active node and routing the data between the fldrst 4 second
transceiver and the first /O signal path in a standby node; a? o S han R
swtch at the second station connected to the optical link portio

link portion andMufiplexecdae. Idtﬁesstaﬁmy mnﬁielbfdpapat@gc%(%vmghq?%sre %g{g}pgrﬁ

h
o et ve oot BRI SRlelSGETEE et e avicaing 85 part 29ta 1 e 20bdecrond
RF transcei ver atrdnsdewwseqﬂ@ 8}, %na'tw%t&w%h {eBofles IR G 1BR0Re Aol RE

first switch responds to the control and status In

d
bet ween the acti Y8NSGRives S8 taneyghen écoming RE patimi80 and theode- tﬂrugnbé%}grsgégﬂgf
the oot i cal L1k ewitar?2 ferdtlfroldsihe RuiaiBEREA 168 BF Bk aogim of thethyria ve

t he opti cal

at a.
of whet her the olitk 2l The AutgpivgRpaiba20eiddng incehning RETBAN 136 Botidaydar 8-

nmu oRH cla 21 wherel
2t2 tus o ngi C?tsf | nc“{\%ﬁfadﬁi%ﬂ i ni@rﬁ%ﬁ% e BastetiEIU 60 andvne masteaRE ¢ he
atu _ [
fsl rst sw '?ch r estpansdeivepS8he transm SSI on status signal to switch between

dinclaim
[ t and nodes, 23 onmuni cation |ink as define
égeng gﬁ agﬁeso? nt ﬁi‘%’?‘&@?'e&r r@i%mwm@lgxmmcmauolmmum et i ve

nmode to thelOt ardity, ariiifeide-maBpRRES! m%ﬁlﬁ%eﬂﬁﬁlp%xes ﬁ%eacotnrtr% [s)g]cktett ed
through the opti C%J thle Idglfa ?A?hretnlir? ?he standby mode. In active mode, _however, there is
generally no additional data with respect to which the control packet is
multiplexed or de-multiplexed since the data is sent via the master OT 56 (Fig.
3) in the active mode. In other words, the information received by either the
16 master or slave TIU 60 or 68 from the respective master or slave RF transceiver
58 or 66 always includes the control packet 36 from of the other station. When
the RF path 28 (Fig. 1) carrles the data, the master and slave TIUs 60 and 68
extract the control packets 36 from the incoming RF data stream before routing
' the data to the IO signal path 32 or 34, respectively. The master TIU 60
20  processes the control packet 36 and routes it to the master OT 56; whereas, the
slave TIU 68 routes the control packet to the slave OT 64 without any further
_processing.
The control bus 76 is connected to the microprocessor 127, the
. multiplexer 125 and the de-multtplexer 128, so that the control packet may pass
25  between each of these elements and the master OT 56 (Fig. 3). The control
packet received from the master OT 56 is passed to the microprocessor 127
and the multiplexer 125. The multiplexer 125 multiplexes the control packet with
the data received from the switch 124, if necessary, and passes the control
packet to the master RF transceiver 58 (Fig. 3) for transmission to the slave
30  station 24 (Fig. 1). The control packet received from the slave station 24
through the master RF transceiver 58 is de-multiplexed with respect to the data,
if necessary, by the de-multiplexer 126 and passed through the control bus 76
to the microprocessor 127 and the master OT 56. The microprocessor 127
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24. A comunication link as defined in claim20 further \A/r\elr(e![ nwmt(r:lﬁ .
control and status information includes a control token packe oS
transnmitted back and forth between the first and second 'St?%gn?|zgga g
the RF link.portion and which contains power adjustnent IP ?Lmaﬂ on: or
power adjustnment information generated by a sending one o e o cat| "o an
second optical transceivers; the power adjustnent information i

anount by whi ch Rracesseathe cantrol ;ir?oggtl wtnetrmz :r?dg\{e?nff@g \}\}g mgg@gleﬁ- pL) ,5;1 e
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?P: ;1 2?71 et | ?htehgaﬁ-gam”gﬂprocessow 2e7 leaves the conflict resolver field 44 unchan ed AL Asy. A
. AYS2. AFL. A{ 2. Ah. A Wﬁhn %m%a‘c\.h#e @Bdﬁéﬁd ﬁieeﬂff %ﬁ{e%or A@Z rggelyq_s\thg Lc |
YA AYs. AL, ASéontrAé? packet wuth an opucal failure field 46 (Fig. 2) set to the “failed" status,
the microprocessor 127 initiates the sthch from the active mode to the standby
15  mode. Whenin the standby mode and the microprocessor 127 receives the
control packet 36 with an optical failure field 46 set to the “okay” status, the
microprocessor 127 initiates the switch from the standby mode to the active
mode. Additionally, the master station 22 performs the switch from active to
standby mode, even without an optical failure field 46 set to the “failed” status,
20  when the master switch 124 fails to detect a signal along the optical link portion
of the hybrid link 20. .
When operating in the active mode of operation, the switch 124 is
controlled by the microprocessor 127 to deliver the data from the I/0 signal path
32 and buffer 128 to the optical data /O bus 72.
25 More details concermng the slave TIU 68 are shown in Fig. 6. The slave
TIU 68 generally comprises a switch 131, a multiplexer 132, a de-muitiplexer
133 and a buffer 134, which are each similar in function to the switch 124,
multiplexer 125, de-multiplexer 126 and buffer 128 shown in Fig. 5. The
function of the slave TIU 68 is similar to the function of the master TIU 60 (Fig.
30  5). However, although the slave TIU 68 may include a microprocessor (not
shown), it does not process the control packet 36 as does the mastér TIU 60
(see Fig. 5). Therefore, the function of determining whether to switch the hybrld
link 20 into the active or standby mode is performed entirely in the master TiU
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I/O bus 74 is an indication that the master TIU 60 (Fig. 3) has placed the hybrid
link 20 (Fig. 1) into standby mode. Thus, the switch 131 in particular, and the
slave TIU 68 in genefal, perform the function of a signal router for. routing the
data through the appropriate optical or RF path,

20 The control bus 78 is connected to the multiplexer 132 and the de-
multiplexer 133, so that the control packet may pass between each of these
elements and the slave OT 64 (Fig. 3). The control packet received from the
slave OT 56 is passed to the multiplexer 132. The multiplexer 132 multiplexes
the control packet 36 with the data received from the switch 131, if r necessary,

25 and passes the control packet to the slave RF transceiver 66 (Fig. 3) for
transmission to the master station 22 (Fig. 1): The control packet received from
the master station 22 through the slave RF transceiver 66 is de-multiplexed from
the data, if necessary, by the de-multiplexer 133 and passed through the control
bus 78 to the slave OT 64. The control packet is preferably not processed in

30 any manner within the slave TIU 68, but is merely’ passed through between the
RF data I/0 bus.82 and the control bus 78, since the function of switching
between the active mode and standby mode is performed automatically upon
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The master TIU 60 processes the control and status information in the
control packet flowing between the master OT 56, master RF transceiver 58 and
the master CIU 62 (Fig. 3). The master TIU 60 includes the buffer 128to
dynamically store and down-convert the data rate of the data received from the
I/0 signal path 56 when a switch in mode of operation from the optical path 26
to the RF path 28 is ordered. The buffer 128 is used to store data until the rest
of the communication network or system (not shown), to which the IO signal
paths 32 and 34 (Fig. 1) connect, Is instructed to lower its data transmission
rate to match the lesser data transmission rate through the RF path 28. The
stored data can be re-transmitted if minor data loss occurs during the active-to-
standby mode switching'process due to a delay between communication
network or system data transmission rate end-to-end swutchlng The size of the
buffer 128 is chosen to support high-speed interface protocols and the data
rates at which bits are extracted from the buffer 128 can be configured to
support those interfaces.

The slave TIU 68 includes the buffer 134 to dynamically store and
down-convert the input data rate of the data received from the IO signal path 56
when a switch from the optical path 26 to the RF path 28 is ordered. The buffer
128 is used to store data until the rest of the network (not shown), to which the
I/O signal paths 56 and 58 connect, is informed to lower its transmussuon speed.

“The stored data can be re-transmitted if minor data loss occurs during the
active-to-standby switching process due to a delay between end-to-end
switching. The size of the buffer 128 is chosen to support all high-speed
interface protocols, and the data rates at which bits are extracted from the buffer

~ 128 can be configured to support those interfaces.

A general adaptive powsr control procedure performed by the control
packet generator 100 and 102 (Fig. 4) of the masier and slave OTs 56 and 64 .
(Fig. 2), respebtively, to assess the received optical power level, adjust the
‘transmitted optical power level and assemble the control packet 36 (Fig. 2), is

- shown in Fig. 7. The adaptive power control procedure operates in both the
active and standby modes. In the active mode, the adaptive power control
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1 J9: 1 10bb power control procedure manntams maximum power transmission and does not
update the control packet until the optical link portion of the hybrid link 20 shows
communication improvement. In the standby mode, the optical failure field 46
will always indicate a *failed"” status until the optical link portion of the hybrid link

10 20 becomes adequate for data transmission. Then the optical failure field 46
changes to indicate the “okay” status, allowing the active mode of operation to
resume. : .

The adaptive power control procedure starts at step 142. At step 144, it
is determined whether the control packet 36 (Fig. 2) hasbeen received. If not,

15  then the procedure enters a loop at step 144 waiting for the control packet to be
received. If the determination at step 144 is positive, i.e. the control packet has
been received, then the various content fields 40 (Fig. 2) are extracted at step
146. At step 148, it is determined whether the received conflict resolver field 44
(Fig. 2) indicates that the received control packet 36 was generated in the

20  initialization stage when the conflict resolver field 44 is set to the “initial” status
(e.g. a 0). If so, the control packet is discarded and the procedure returns to
step 144 to wait for the next control packet. If the determination at step 148 is
negative, i.e. the control packet was not generated in the initialization stage,
then the local parametefs (e.g. local total received power based on the beam

25  quality signal from the channel assessment unit 96 or 98 (Fig. 4), and the local
total transmitted power based on fhe setting of the transmitted power update
unit 104 or 106 (Fig. 4)) that will be used to update the control packet, are
retrieved at step 150.

At step 152, it is determined whether the optical failure field 46 (Fig. 2)
- 30 indicates that the optlcal llnk portion of the hybrid link 20 is properly operating,
' thereby exhibiting an okay" status. If so, then at step 154, it is determined
whether failure of the optical link portion of the hybrid link 20 is indicated locally, .
which may happen In this situation if the optical link portion of the hybrid link 20
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“EZ" 109%& ( )- . plj%omtp&e glation to freatbe: I det, the hybrid link 20 is presumed to
operate in the active mode, and it is determined whether the transmitted optical
.power level is to be adjusted up, down or not at all according to the value of the
S  received power adjustment field 48 (Fig. 2) at step 156. If the determination at
step 156 is negative, the control packet is updated at step 158. If the
determination at step 156 is positive, i.e. the transmitted optical power level is to
be adjusted then the transmitted optical power level of the optical transmitter
108 or 110 (Fig. 4) is adjusted according to the value indicated in the received
10  power adjustment amount field 50 (Fig. 2) at step 160. The control packet is
thereafter updated at step 158. After the control packet has been updated at
step 158, the adaptive power control procedure ends at step 161.
When the control packet :}6 is updated at step 158, the conflict resolver
field 44 (Fig. 2) remains unchanged. Depending on whether the local total
15 received power is below a minimum threshold and the local total transmitted
power is already set to its maximum, the optical failure field 46 is set to exhibit a
“failed” status. Otherwise, the optical failure field 46 is set to reflect the okay’
status. The power adjustment field 48 is set to reflect the unchanged" status if
the local total received power is between the minimum threshold and a
20 | maximum threshold. The power adjustment field 48 is set to the “increase”
status if the local total received power is below the minimum threshold and the
local total transmitted power is not yet maximized. The power adjustment field
48 is set to the “decrease” status if the local total received power is above the
maximum threshold. If the power adjustment field 48 is set to indicate the
25 ‘increase” or “decrease” status, then the power adjustment amount field 50 is
set to the amount by which the optical power level for the opposite station 22 or
24 is to be changed, depending on the values of the local total received power
and the local total transmitted power. The total received power field 52 and the
total transmitted power field 54 are loaded with the values of the local total
- 30 received power and the local total transmltted power.
If the determination at step 154 is positive, indicating that the optical link , ‘
portion has failed locally, then the control packet is updated at step 162. When
the control packet is updated at step 152, the conflict resolver field 44 (Fig. 2)
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Y& () - ywxyy “failed” status. The power adjustment field 48 (Fig. 2) and the power adjustment
amount field 50 (Fig. 2) are both preferably set to zero, since optical failure is
indicated only when it is not possible to further increase the transmitted optical
5  power level, and since it is undesirable to decrease the transmitted optical
- power level when optical failure is indicated. The total received power field 52
(Fig. 2) and the total transmitted power field 54 (Fig. 2) are loaded with the
values of the local total received power and the local total transmitted power.
If the determination at step 152 is negative, i.e. the optical failure field 46
10  (Fig. 2) indicates that the optical link portion has failed, then the microprocessor
127 will have begun the switch from active to standby mode of operation, and at
step 164, itis determined whether failure of the optical link portion is also
indicated locally. If so, then the optical link portion is still inoperative, the hybrid
link is still in standby mode, and the control packet is updated accordingly at
16  step 166. The conflict resolver field 44 (Fig. 2) is unchanged. The optical
failure field 46 (Fig. 2) is maintained at the “failed” status. The power
adjustment field 48 (Fig. 2) and tﬁe power adjustment amount field 50 (Fig. 2)
are preferably set to zero. The total received power field 52 (Fig. 2) and the
_ " total transmitted power fi eld 54 (Fig. 2) are loaded with the values of the local
20 total received power and the local total transmuted power. After updating the
' control packet at step 166, the procedure ends at step 161.
if the determination at step 164 is negative, indicating that the local
optical link portion is operating properly, then the optical path 26 is assumed to
have recovered and the control packet is updated accordingly at step 168.
25  When updating the control packet at step 168, the conflict resolver field 44 (Fig.
| 2) remains unchang'ed. Depending on whether the local total received power is
below a minimum threshold and the local total transmitted power is already set
to its maximum, the optical failure field 46 (Fig. 2) is set to the “failed” status.
Otherwise, the optical failure field 46 is set to the “okay" status. The power
30  adjustment field 48 (Fig. 2) is set to indicate “unchanged” if the local total
received power is between the minimum threshold and a maximum threshold. ,
The power adjustment field 48 is set to indicate “increase” if the local total
received power is below the minimum threshold and the local total transmitted
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the power adjustment field 48 is set to indicate “increase” or “decrease,” then
the power adjustment amount field 50 (Fig. 2) is set to the amount by which the
optical power level for the opposite station 22 or 24 is to be changed,
depending on the values of the local total received power and the local total
transmitted power. The total received power field 52 (Fig. 2) and the total '
transmitted power field 54 (Fig. 2) are loaded with the values of the local total
received power and the local total transmitted power. Following updating of the
control packet at step 168, the procedure ends at step 161. '

A procedure for the master TIU 60 (Fig. 3) to switch between the active
and Standby modes under the control of the microprocessor 127 (Fig. 5) is
shown in Fig. 8. The procedure starts at step 170. Atstep 171, it is determined
whether the conflict resolver field 44 (Fig. 2) in the control packet 36 is set to
indicate initialization. If so, then at step 172, the conflict resolver field 44 is
changed to "operational.” This change occurs for the initial control packet 36
generated upon initialization of the hybrid link 20. At step 173, it is determined
whether the optical failure field 46 (Fig. 2) is set to indicate the “okay” status. If
s0, then at step 174, it is determined whether the hybrid link 20 is currently
operating in the standby mode. If 50, then the command is issued to switch
from the standby mode to the active mode at step 176. Thereafter, the
procedure ends at step 178. If the determination at step 174 is negative, i.e. the
hybrid link 20 is currently operating in the active mode, then there is no need to

switch the mode of operation, and the procedure ends at step 178.

If the determination at step 173 is negative, i.e. the optical failure field 46
(Fig. 2) in the control packet indicates the “failed” status, then at step 180, it is
determined whether the hybrid link 20 (Fig. 2) is currently in the active mode. If
50, the command Is issued to switch from the active mode to the standby mode
at step 182, and the procedure thereafter ends at step 178. If the determination
at step 180 is negative, i.e. the hybrid fink 20 is cufrently' operating in the

standby mode, then there is no need to switch the mode, and the procedure
ends at step 178;
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standby modes upon the switch 131 (Fig. 6) automatically detecting the
absence.of data on the optical data I/0 bus 74 (Fig. 4) is shown in Fig. 9. The
procedure starts at step 184." At step 186, it is determined whether data is
present on the optical data I/0 bus 74. If so, then at step 188, it is determined
whether the hybrid link 20 is currently in the standby mode. If so, then the
switch 131 switches from standby mode to active mode at step 190, because
the presence of optical data on the I/O bus indicates that the optical path is now
operable. Thereafter the procedure ends at step 192. If the determination at
step 188 is negative, i.e. the hybrid link 20 is currently in the active mode, then
there is no need to switch thev mode, and the procedure ends at step 192.

If the determination at step 186 is negative, i.e. data is not present on the

- optical data I/O bus 74 (Fig. 4), then at step 194, it is determined whether the

hybrid link 20 is currently operating in the active mode. If s0, the switch 131
switches from active mode to standby mode at step 196, because the absence
of optical data on the optical data IO bus indicates failed communication
through the optical path. Thereafter, the procedure ends at step 192. If the
determination at step 194 is negative, i.e. the hybrid link 20 is currently in the
standby mode, then there is no need to switch the mode, and the procedure
ends at step 192.

- The hybrid link 20 has the advantage of high-speed communication
through the optical link portion, combined with a reliable communication path for
control and status information, as well as a backup data communication path
through the RF link portion of the hybrid link. The hybrid link 20 loses
communication speed or bandwidth'upon switching the data flow from the
optical link portion to the RF link portion, but the overall data communication is
maintained although at a lower rate. The reliability and availability of the RF

- link portion permits the reliable exchange control and status data between the

30

master and slave stations 22 and 24 at all times, so synchronization and power
symmetry of the master and slave stations 22 and 24 can be maintained even
under adverse atmospheric conditions for optimal use of the optical fink portion.
Even when the optical link portion is failed, control and status information
regarding the optical link portion is still shared between the master and slave

30
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5  have been described with a degree of particularity. This description has been
made by way of preferred example. It should be understood that the scope of
the present invention is defined by the following claims, and should not be

unnecessarily limited by the detailed description of the preferred embodiment
set forth above.
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optica @path subjected to atmospheric conditions between the two stations;

communicating control and status information in a radio frequency (RF)
signal transmitted through a free-space RF path subjected to atmospheric
conditions_between the two stations concurrently with the transmission of the optical
signal containing the data; and

communicating the data and control and status information in-an RF signal
transmitted in the free-space RF path between the two stations when the data is not
transmitted in the optical signal through the optical path.
2. A method as defined in claim 1 further comprising the step of:

communicating the RF signal containing the control and status information
between the stations continuously.
3. A method as defined in claim 1 further comprising the steps of:

selecting one of either the optical path or the RF path for communicating the
data based on the control and status information; and

communicating the data in the selected path.
4, A method as defined in claim 1 further comprising the steps of;

sensing a characteristic of the optical signal received from the optical path;

selecting one of either the optical path or the RF path for communicating the
data based upon the sensed characteristic of the optical signal; and

communicating the data in the selected path.
5. A method as defined in claim 4 further comprising the steps of:

sensing a failure to receive the optical signal communicated in the optical
path as the characteristic for selecting the path; and

communicating the data in the RF path upon sensing a failure to receive the

optical signal.
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7. A method as defined in claim 6 wherein:
the step of sensing the power level senses a received power
level and a transmitted power level of the optical signal communicated in the
optical path as a combined characteristic for selecting the path; and
the data is communicated in the RF path upon the received
power level of the optical signal falling below the predetermined threshold
level and the transmitted power level of the optical signal being at about a
maximum threshold level.
8. A method as defined in claim 4 further comprising the stebs of:
, sensing a transmissive capability the optical signal
communicated in the optical path as the characteristic for selecting the path;
and
communicating the data in the RF path upon the transmissive
capability of the optical signal communicated in the optical path falling below
a transmissive capability of the RF signal communicated in the RF path.
9. A method as defined in claim 4 further comprising the step of:
_ transmitting a synchronization optical signal through the optical
| path while the data is communicated in the RF path.
10. A method as defined in claim 9 further comprising the steps of:
including information of a characteristic of the received
synchroiiization signal in the control and status information; and
switching the communication of data from the RF path to the
optical path based on the information describing the characteristic of the
received synchronization signal included in the control and status information.
11. A method as defined in claim 4 further comprising the steps of:
including information of the sensed characteristic in the control
and status information; and
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adjusting the optical power level at which the optical signal is
transmitted through the optical path by both stations to maintain a received
optical power level within a receiver operational window between a
predetermined maximum level and a predetermined minimum level.
13. A method as defined in claim 1 further comprising the step of:
adjusting the optical power level at which the optical signal is
transmitted through the optical path by both stations to approximately the
same level.
14. A method as defined in claim 13 further comprising the steps of:
transmitting optical power level synchronization information in
the control and status information transmitted between the two stations; and
establishing the same optical power level for the optical signal
transmitted from each of the two stations based on the optical power level
synchronization information. ,
15. A method as defined in claim 14 further comprising the steps of:
generating the control and status information at the one station
transmitting the optical signal to the other station; and
including adjustment information in the control and status
information which indicates an amount by which the other station is to adjust
the optical power level at which the other station transmits the optical signal to
- the one station.
16. A method as defined in claim 15 further comprising the step of:
adjus.ing the optical power level at which the other station
transmits the optical signal to the one station according to the adjustment
information included in the control and status information.
| 17. A method as defined in claim 15 further comprising the step of:
adjusting the optical power level at which the one station
transmits the optical signal by the same amount indicated by the adjustment
information which was generated by the one station.
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19. A hybrid wireless optical and radio  frequency (RF)
communication link for communicating data between first and second
stations, the first and second stations receiving and delivering the data
through respective first and second input/output (1/O) signal paths, comprising:

a free-space optical link portion comprising a first optical transceiver at the
first station and a second optical transceiver at the second station for transmitting
and receiving an optical signal-through a free-space optical path subjected to
atmospheric conditions therebetween; and

a free-space RF link portion in parallel with the optical link portion and
comprising a first RF transceiver at the first station and a second RF transceiver at
the second station for transmitting and receiving an RF signal through a free-space
RF path subjected to atmospheric conditions therebetween,

wherein the RF signal communicates control and status information for
controlling the operation of the optical and RF transceivers and is transmitted
concurrently with the optical signal when the optical signal communicates the data,
and wherein the RF signal communicates the data and control and status
information when the optical signal does not communicate the data.
20. A communication link as defined in claim 19 further comprising:

a first switch at the first station connected to the optical link portion, the RF
link portion and the first I/O signal path, the first switch routing the data between the
first optical transceiver and the first I/O signal path in an active mode and routing the
data between the first RF transceiver and the first /O signal path in a standby
mode; and

a second switch at the second station connected to the optical link portion,
the RF link portion and the second I/O signal path, the second switch routing the
data between the second optical transceiver and the second 1/O signal path in an
active mode and routing the data between the
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one of the first or second optical transcetvers of the optical link
portion generates a transmission status signal indicative of whether the
optical link portion can effectively communicate the data.
22. A communication link as defined In claim 21 wherein:
the transmission status signal is included in the control and
status information; and
the first switch responds to the transmission status signal to
switch between the active and standby modes.
23. A communication link as defined in claim 20 wherein:
one of the first or second switches switches from the active
mode to the standby mode in response to the absence of data transmitted
through the optical link portion.
24. A communication link as defined in claim 20 further wherein:
the control and status information includes a control token
packet which is transmitted back and forth between the first and second
stations through the RF link portion and which contains power adjustment
information; | .
the power adjustment information generated by a sending one
of the first or second optical transceivers,
the power adjustment information'indicating an amount by which
the other receiving one of the first or second optical transceivers is to change
an optical transmission power level &: which the receiving optical transceiver
should transmit the optical signal to the sending optical transceiver.
25. A communication link as defined in claim 24 wherein:
the receiving optical transceiver responds to receipt of the
power adjustment information contained in the control token packet by
changing the optical transmission power level at which the receiving optical
transceiver transmits the optical signal.
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the first and second switches operate in the standby mode when
the optical link portion fails to transmit the data.
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