HYBRI D W RELESS OPTI CAL AND RADI O FREQUENCY COMMUNI CATI ON LI NK Fi el d of
the Invention This invention relates to terrestrial optical and radio
frequency (RF) data 5 communication systens. Mre particularly, the
present invention relates to a new and inproved nethod and apparatus for
comuni cating data through a conmmunication |ink having both a free-space
optical path and a parallel wireless RF path. The data is transmtted over
t he hi gher capacity optical path when favorable free-space atnospheric
conditions prevail, and the data is transmtted 10 over the RF path when
free-space atnospheric condi tﬁﬁﬁ@Rf%WJREE PRARTICAS ANBf ect i veness of the
optical path to the point CRRNORREQUENEY GOMMUNIGATIONILINKsit the data
over the RF path. Control and status information is preferably transmtted
over the nore reliable RF path in eﬂmgﬂ%rf%%&@nce. Background of the

I nvention 15. The communications indUStTy requites not only high-speed data
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comruni cati ans, -0f.. t . C ication.links are wire |ine,

radio fr equgncyc 1:(94&'0@%?50'0 [ ﬁ%ﬁ%%’%@g@@é’rﬁ?ﬁm gyentien elalge 19 fese

corn(r]lrunic ?at i28n_ Iriavkand;mrgh're‘dragmgﬂ landlapbgrmmr ledi}ﬁmhﬁicam@hélalstﬁ;%gﬁ@d )

tradeoffs i ee reliability. pically, the optical systems have

hi gher communi (93&‘%%9&'”?&?@59 DQB{%HE%PE%WP#E,ar@rﬁjp@ra&elmeéesm ne,

RF and fiber @f pathl iMhleddnnisaraishmtes oveR i hbhértdétpaéilt} @&%h?%tmﬁ'[?nom Ic
ey

l'i nks are capa%le of hoth high speed and hig relTability, ave the
di sadvant age off@YE@RIPMeRFPAcH RifaePARNC Randiiionstprevaiband thedateiis ransitted
cable as the cqBHM baw e Frey- i ' ' ' ipts. A
wire line link al sgieﬁméi]ﬁf&?es thé%%@%écﬁwgﬁﬁggﬁpg@ﬁgﬁg(h%‘?éwb$@§8%¢ m@abl es
as the communi GHEFiBeNEss of the optical path o the point thatiis moss efficieat/iertrarisit s
I npractical, u ' ) LOROSS] L.nst. hysi cs_abl.e nedi a
bet ween comglﬁ%g%??r\{gﬁgeﬁgbg@h r@@ga@?#ﬁa i‘ﬁ*ﬁtﬁ‘gﬁb'sﬁf?@rf’ebi% RF and/ or
free-space 30 tEpsmited dventhe moretrelimblel REdath irFeither spagastapts.cal | i nks
transmt a light or |aser beamt Y h the. at nosphere between an opti cal
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15 The communications industry requires not only high-speed data

- communication but also reliability in those communications. In terrestrial
communications, some of the most common communication links are wire line,
radio frequency (RF), fiber optic and free-space optical. Each of these
communication links has different relative strengths, weaknesses and tradeoffs

20 inspeed and reliability. Typically, the optical systems have higher
communication data rates, speeds or bandwidths, and the wire line, RF and
fiber optic links have greater reliability.

Although fiber optic links are capable of both high speed and high
reliability, they have the disadvantage of requiring a physical instailation of a

25  fiber optic cable as the communication path or media between communication
points. A wire line link also requires the physical installation of wires or cables
as the communication path or media. In many situations, however, it is
impractical, uneconomical or impossibie to install physiqéTc”éble media bétwe‘en
communication points. In these situations, the wireless 'RF and/or free-space

30  optical links must he used. '



optical communication systens require a clear |ine-of-sight path between
communi cation points, since the light or |aser beamprojects in a straight
line 5 between the comunication points. The optical beamis subject to
degradation by snoke, dust, fog, rain, snow and any other particles in the
at nosphere between the comruni cation points. These particles and
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conditions that cause free-space optical transmissions to suffer. Although some
RF systems, such as microwave systems, do require an unobstructed ling-of-
20  sight transmission path, particles and substances in the air do not cause
substantiai RF signal degradation. Thus, RF communications can operate
reliably under conditions where free-spéce optical transmissions ¢an not
operate reliably, thereby providing a greater assurance of accurate and
effective data transmission although ata somewhat lesser data transfer rate.
25 It is with respect to these and other considerations, that the present
' invention has evolved. '
Summary of the Invention
The present invention involves a 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
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the RF path. Al though the overall data communication speed may be reduced
when the data is transmtted over the RF path, a comunication link is
mai nt ai ned under all conditions, rather than suspending data communication
5 during atnospheric conditions which are adverse to optical data
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conditions in the optical path cause the optical path to fail or degrade the
transmission of the optical signals. A failure or degradation of the optical path is
‘recognized by a failed reception of a transmitted optical signal or by the
reception of an optical sighal which has been degraded to the point that it is

25 difficult to reliably distinguish the information contained in the optical signal.

' Control and status information is transferred between the optical transceivers
over the RF path to communicate that the optical signal has failed or has
degraded. Even while the RF link is transmitting the data, it is preferable to
continue attempted transmissi_on of optical signals between the communication

30  points to determine when to reestablish the optical path for the transmission of
data with the optical signals can be reliably communicated. The two stations
preferably alternately generate and transmit the control and status information
and send it to the other station. The control and status information includes
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I nformati on which indicates the anount by which one station should change
its optical transmtting power according to the other station's assessnent
of the received power, thereby maintaining effective optical communication
wi thout oscillation of the power levels of the two stations. 5 The

previ ously mentioned and other inprovenents are also achieved in a hybrid
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is routed for r%; ngriagﬁpgﬁa ﬁg,gqaﬁ epéﬁg fELCRERINNGtRe dater ThedwyRrAdpat h. Even

t hough the daicemimiumicdtion link aiseanalids 4 ﬁfe@fspé&eeﬂﬁhiﬁkBg@isniirzgéf%‘ﬁél iggn that
un

of the optica!swgath, ﬂ%arrg%/still be transferre : r conditions
where data tr ZMsPRY PPrHRN BRY RPMPIEAY Byfirst RRairarsseiyer atibg fisststationt i cal
pat h. The18ybahg 2cuEaH RFtArRBeiyi LRSS i fked
over the optical_and RF pat hse|15dralgér&ntg§§i§énput /t%%p@?{rﬁéfﬁftmgiﬁﬁgg%g% , and
the hybrid | PRIRR sigRaltaerebetweencontaining theedate enfl contrellzndagtatus al  and RF

et caton AR 3 oy ' ot LRI e ibicthedly 19E 51
si gnal path i ﬁodmlmdi%um'nﬂmmatipn opeirals trenfuactibrialitytof she bptichat a bet ween t he
% o o iR B B R Rl RS
20  transceivers for transmitting and receiving the data contained in the optical
signal. in addition, when the optical path fails or degrades because of
atmospheric influences, the data is routed for transmission by the RF
transceivers over the RF path. Even though the data transferring capability of
the RF path is less than that of the optical path, data may still be transferred
25  under conditions where data transfer would be prohibited by a failéd or
degraded optical path.
The hybrid communication link receives the data to be transmitted over
the optical and RF paths from an input/output (I/0) signal path, and the hybrid
link transfers the data it receives from the optical and RF paths onto the I/O
30  signal path. A switch within the station at the end communication links routes
the data between the optical link and the /O signal path in an active mode of .
.operation and routes the data between the RF link and the I/O signal pathina
standby mode of operation. A transmission status signal is generated as a part
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4 of the control and status information, and transm ssion status signal
indi cates whether the optical link can effectively transmt data. The
switch responds to the transm ssion status signal to establish either the
active or standby nodes of operation. An absence of the optical signal in
the optical path is also 5 recognized and causes a switch fromthe active

to the standby aftideceitrol @ndrstﬂtuﬂnforrﬁaf@ﬁ %nﬁQ@b@ﬁ@:@Pﬁél@ﬁ'sibtnbplﬂdf&fatetshe
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summari zed bel cﬁﬂe@mﬂ’ t&fbatmﬁpéﬁéétﬂleclpétm:gnaBm toe obtmirplam is@isoof t he

I d radi
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I nvention. 15 R:'pgratibnls an |IIustration of a data structure for a control

i t he hyb i cation.link shown in Fi
Fo. 3 e a more defdl PSR SAPIEGLANSY Mergery, ionbenADAe a6omsh anink
shown in Fig. 2he Fapnedinivehieh iﬁﬁéﬁe%tﬂé laeevdhereld |ﬂbﬂﬂéﬁ‘1@hﬁf cdh past er
opti cal transcel er%cﬁ d a sla tical transceiver of the hybrid

conmuni cation 199 "r?”F‘? ¥ t¥'§ foliowing defailad desepiptionet m’eserdlymr@iekred
di agram of 1@ rrwwmrhé;ﬁe%ﬁmew&\vemaﬁ ?ékfeaq# cHﬁHécn&F{ With t@ée : %%q%ne%\ag el o agram

communi cation |jnk shown in Fig Fig. I's a nore

of a slave trafER¥Ngswhich @r,ertyg%ly SUWWNFW brpiows an@&awppandedolmmTu cati 03
link showmn in Fig. 3. 25 Fig. 78 o J i ; wer control procedure
executed by the master and s (it st g Drayd he transm ssi on

optical power |evel Figf 1ihe bmmctmramﬁaf arnybed ““ﬁszfmﬁgm':aﬁdfﬁ?é%ﬁ??ﬁ“ 0
asserbl e the opREf hm0HcalaH i, WAL B haes RO LB el o7
switching thta tr anElg; 2ds armnll:stnantlonadf d duta etumtuw fopatchnirel tblkeh pickeat h of the
Y anscel ver T nCUAe0R tf iy efmimicaty 17k shivg 1 8% 470 general 11 ovchart
of the procedure foFigsdiig almong deailed block diagram of the hybrid communication link

' shown in Fig. 1.

- Fig. 4 is @ more detailed biock diagram of a master optical transceiver
20  and a slave optical transceiver of the hybrid communication link shown in F ig. 3.
Fig. 5 is a more detailed block diagram of a master transceiver interface
unit (TIU) of the hybrid communication link shown in Fig. 3.
. Fig. 6 is a more detailed block diagram of a slave transceiver interface
unit (TIU) of the hybrid communication link shown in Fig. 3.

25 Fig. 7 is a flowchart of a power control procedure executed by the master.
and slave stations to adjust the transmission optical pdwe‘r level of the optical
transceivers shown in Fig. 3 and to assemble the control and status information
contained in the control packet shown in Fig. 2. )

Fig. 8 is a flowchart of the procedure for switching data transmission from
| 30  the optical path to the RF path of the hybrid communication link shown in Fig. 3,
as executed by a master transceiver interface unit shown in Fig. 5.
Fig. 9 is a general flowchart of the procedure for switching data
transmission from the optical path to the RF path of the hybrid communication
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transm ssion fromthe optical path to the RF path of the hybrid

comuni cation 5 link showmn in Fig. 3, as executed by a slave transceiver
interface unit shown in Fig. 6. Detailed Description A hybrid wreless
optical and radio frequency (RF) comunication link 5 (the hybrid |ink) 20
is showmn in Fig. 1. The hybrid Iink 20 conbi nes free-space optical

communi cation t pEHMPAN FHi@r£herk I wh ch. .
conmuni cati on speed of mandy) gi ga %Lge%gfsglea?éﬁﬁﬁﬂ%lw!ﬁ{léé%ggﬂgléghw n
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avai | abi 17ty orMeMELSN é &% STV Fig <t At ypsiddink gPegompinesifrqecspaca

di stance), poi rriptk:arwmmbnibaﬁcﬁ‘il@éﬁnbtWér‘éﬁQ‘lQébr%tem%ﬁ]&Wé hla Nk 20
preferably generally conprises a master hybri conmmuni cati on station
(master stati orfPTBURERICR spesdof Mapy ciwabissransesentbwith bightspeed Rl ave
station) 24. Aneéiid) LrEl R Hih L dHRa RS e | ojegted in an
optical path 26, andfgg}n(pf?éF Sl gynrg% -Sd%ﬁtcgasé a maﬁ@%‘:ﬁ%}s’%{eﬁ%kﬁ; ﬁﬁ?r&’d
broadcast in a lRgerfiicroware cogmunication fink faxithes communicatidrhef dutd betleepaih 26

and the 204fpF < A0 . e .t sm t.ed ro a_terrestrial
free- space1@r egl on %%éég'éﬂ%ﬁ?@gto?rg@mhgt"g{(?@r’?t ﬁgﬁ'aﬂﬁﬁﬁa‘?gf‘a\-fbest ati on
24. Data cont dniegeation of thesepwo sddeless coRMunicgtieh sedhsiolodRIsYBMicEPERMIRF at ed
between the t ' : 24.. 1 nput /.oyt pu; /0) signal paths 32 and
34 connect thew%wrrﬂgﬁgaé @@%@gﬁsatppg%ﬂsé«’éfgﬁaﬁapil?{y Pégeﬂ)‘ég'i'\y\ﬁﬁll‘iﬂg"to ot her
communi cat i on Ziistance (eapoven 612 riesin)distinod ot So-pdifl wildfisgby connect the
hybrid link 20 into a .larger communication network or system The data

transmitted in GPW@%“B% ~and RF signals is.obtained fromthe I/0O signal
peLnS 32,518 54 21 VISrebal ieadgrannl oAty oS SV BIRIA® L1
through the hySPIYNGAkOD StatipRdmaster statipall 22randha stewe dgbeic doBmunizatide any
7ok “For " exptacle Syt 2 ieplon b o SITYATLMD S
In an optical path 26, and an RF signal, such as a microwave 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 transmitted across & terrestrial free-space
region 30 between the master station 22 and the slave station 24. Data
contained in the optical and RF signals is thereby communicated between the
two stations 22 and 24. Input/output (IIO) signal paths 32 and 34 connect the
master and slave-stations 22 and 24, respéctivefy, to other communication
25  stations (not shown) or devices, and thereby connect the hybrid link 20 into a
larger communication network or system. The data transmitted in the dptical
and RF signals is obtained from the I/0 signal paths 32 and 34 at one station 22
or 24 and is delivered over the /O signal paths 34 and 32 at the other station 24
or 22 after communication through the hybrid link 20. The IfO signal paths 32
30  and 34 may be any source or delivefy path of data signals in the communication
network or system. For example, the /0 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
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channel s that connect the master and slave stations 22 and 24 to other
Wreless stations at the sane |ocation, thereby making the hybrid |link 20
a repeater in a 6 series of such hybrid Iinks 20 in the conmuni cation
network or system Alternatively, the 1/0 signal paths 32 and 34 nay be
part of land-based fiber optic or wire commnication |inks to distant

and-based conMushieal fuenHBiid Ak 20 iHRe €4 huRRATNLEAKE LUl ne NPT !

link 20 may conprise any type user orrratlo e opti cal
path 26 serves Adefnetveinithe O wgmlmtmmMmabmmlmd-basedmrdata
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such as the light refractive uence rain, dust or
ot her severe we&PH@HNicatien patbier ¢amtrot and statuseﬂfbrmatiormm-temnwolﬂﬁgl on 30,

but also b us aI fun failure of the
equi pnent ?fr?at hgp%}%%@%gﬁﬁﬁl nt%Bgr%? ﬁﬁ trﬁgi %ﬁh%é)'?ﬂl?ewﬁﬁasﬂ{épﬂiepath
28 exchanges cobacksip @tﬂjcmmuumatmmpbalhmaaIstamdbﬂmmrbfbbgra?@nmu@r and
addi t1 onal 1y r SRR B el Poth 2PicatiasFadsiauauserthe picamrala 2atesn 22
constant|y noni faied watrameltmgdu%ﬁslsﬁ.ﬂw oﬁ%bly'c@?’rﬁhuméﬁtuﬁ%é%%l% gi ved

t hrough the opt cal fromthe, slave station I ce vVersa, in

both active and gﬁ? Osggce %%3%H°W§"rﬂé%§ﬁ3§)@éﬁ %ﬁﬂ@&l“ Q@qﬂbﬂge to evel
i nfornation5 eamb degpddimatdbsphéricdr /RLGHIERSs 30cREP S‘H ré/fTH the

ot her station 24_or 22 needs to adjust its transmtte power | evel
for optimm opff 'é%ﬂceﬁé’ﬁfﬁ.‘l’hlfeatm@h SNAWL %t@pptl‘@asewe weaéher Adoditionsnial |y, it

is preferable maaérrémlmtﬁacamsg@#f) gﬁ%&%?éo' 8@5%%;@5@,%%?% t the

sane optical power |evel the cont on,
the master 30 afidfur¢tiopal fgtlwﬁczirﬂse ewamantzntmwte:al hrﬁlopmrabm ofithedgaridiing t he

received opticapg, The RF path 28 exchanges control and status'information between the
20  master and slave stations 22 and 24 in both the active and standby modes and
additionally transmits the data in the standby mode.

The master station 22 constantly monitors a received optical power level
of a signal received through the optical path 26 from the slave station 24, and
vice versa, in both éctive and standby modes. Based on the received optical

25  power level information, each station 22 and 24 calculates an amount by which
the other station 24 or 22 needs to adjust its transmitted optical power level for
optimum optical communication in t_he optical path 26. Additionally, it is

| preferable that the master and slave stations 22 and 24 transmit at the same
optical power level. As part of the control and status informatibn, the master

30  and slave stations 22 and 24 share iﬁformatio'n regarding 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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vel, the transmtted optical power level and the calcul ated power
gg}l\ﬁ;t Irrgnt in order to confi rmpnecessary adj ust ments and naintain the sam;2
transmtted optical power level. \Wen both the naster and slave stations
7 and 24 aria transmtting optical signals at the same power level, this
conditionis referred to as "symetry." The symetry of transmtted power

f th ki 4 ) ither.station
25”01 28 10 detor i ooy oiical sghdls sE R or o AR Tha 1l DEEBLT b e
or degraded t.o "elegeE4P A6 "sMIBRNLT i s unreliable or ineffective. Wen one

[ | tic ower |leyel is below an
appr opr ate ¢ hr eshol Te ST ek of Renarifel Keher BFck 6 indiReSe: ridFagmer | ovel
is at a nmaxi nurstgtions @8 andid geomits eitisgrmatattony22 (larfmﬁﬂfdeité‘rff%né niggpérﬂ%@m ':1 te ﬁd

' t.1 4 al sp at a 10 nj ,
ggf/la(rzgla (F:) g\r/]%ir t !“g]\r%gﬁ%rgﬁ% é@fé@g%}grg@{%é' qr)je‘:%rs‘%e@ dr‘@éﬂ"%ﬁo'gbwh%{@ét ISdegr aded.
The opti cal pathrellbieear inetfdctng ovhen oA detbdsd ek 19 recBlibgCt Ve

' 1 tti ta at hi.gher data rate than that rate at \ (

can Dot ranst o BPU Prver BvBh S REHS fePrapiatalt reshain M mUpHeNd TBOWN <
condition is kehenied o?ﬂcél%%ﬂl@él ig_a'iéql,t,gd&m@m (thcﬁ,h O tth&g{"gﬁ% h' 266 o
Upon optical failure, 15 the hybrid I'ink 20 swtches' T0 r_]e.. Dy’ mode
whi ch the datameénsé'aﬁmwr@%ﬁr@éecﬁ APtinah nowerdewst of thehother st@lidr isalseatgnal s ar e

[ | t ' i | : ring the stan nade of
gggﬁ :attn :Jgn,wandﬁ?ﬁgm%gﬁgrﬁg%%s@ygﬁg% i ?’%R%ﬁ%ﬁéﬁ}@e%f%smg%@l% ; ;"irglm tor
the received ofegraged. Ebmptictawalhﬁcaﬂ”mutmpgteﬁ? cca':sg:méa i @???}Ef ?r?gd cal
R E st onal ¢ hr STeRveS ARG el Bs NOREEHath el Gor i v Bhghienatetap | cal
signal s in thecapbe trahsfpaed iihedroadiast RE sighapindhy RFOsHh 08, TRRY @riditfen t he
hybrid |ink 20;. h_back tp.the tive node upon dissipation of the
aévrelr se infl ue'r?grgéér'i%\#t{’ﬁ'grq’? 3%95‘%35'@ Pgé\ed?Pt'ﬁﬁ' Radn 261 Upen opticaliaiburept i cal
Communi cattbon  thie hybtid link 20 switciss teahe BRhEbYMods I ﬁhiaeﬁtthé)aat%ﬁﬁf ega\r/gl ng
optical failure is cont hguouslﬁ_geshared between the master and sl a

stations 22 angPBRunigaieddhrough . %ﬁ(ﬂ’aﬁ'b?ﬁ-rQPtiWﬁiﬂﬂﬁﬁtarempﬁWm tted in the
RF path 28, $andnfiéd hohb optied) 'p@ﬂﬁ2@3wﬁi%§‘c§ﬁéﬂ#g9 gg{b‘;e q?\ségp%gégitog,e%ﬁ% the

' nd standby npdes in a manner | 1 _ . J -mast er
g(r:\fjl \S{Ieavg st at ’F‘SF@}/QQ" glave stetigny22 apd ¢ contiruectognenitos the received optical

power level of the optical signals in the optical path 26 in the standby mode,

20 even though the data is transferred in the RF signaf throdgh the RF path 28. By
continually monitoring the optical signals in the optical path 26 during the
standby mode of operation, the hybrid link 20 can switch back to the active
mode upon dissipation of the adverse influences in the free-space region 30 to
allow reliable optical communication of data in the optical path 26, Information

25  regarding optical failure is continuously shared between the master and slave .
stations 22 and 24 in the status and controt information transmitted in the RF
path 28, so that both stations 22 and 24 make the switch between the active
and standby modes in a manﬁer in which no data is lost.

The master and slave stations 22 and 24 share control and status

30  information by communicating a control token packet 36, an exemplary data
structure of which is shown in_Fig. 2, back and forth between the stations. The
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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30 informati on by communi cating a control token packet 36, an exenplary
data structure of which is shown in Fig. 2, back and forth between the
stations, The control packet 36 conprises header fields 38 and content
fields 40. The particular header fields 38 depend on the particul ar

comuni cation protocol 8 being used. In this exanple, the control packet 36
I's representative of a packet for the mell-knomn_Asynchronpus Transf er
Mbde (ATM swi CEMGHFERr ot Bivexampre.ibe conteol pankediP6 isfeprbseriativeasf o paekels 38

[ et accordi € , rocessi ng, of the
Icnas)t;scal and w?ﬁébﬁgfeﬂ%Héwpgygén’ﬁ?@@snﬁ?ﬁ%g@“gS?.I‘g@}“? 3'1’{@5?@9 fﬁfgf‘?‘FQ'-_ZG and 28
i s i ndependent Tbfs, tbe coniant;q:fathehteadel,fietdse?:al iprset @mkdi?@ﬁﬂthb}fmtm 9{&@&&, t{‘g

' tion of t contr status information in
the cont rol - padilEad R 4B8essnd finG Pk anERF nsfivii ate PoRaroiBol used
by the hybrs d loptidal 20d RFhgaths QB@ﬁﬁQB'i@ﬁﬁé?@iden?bf?b??rﬁhsrfdr@ﬁtté,"Ytlx_%ICh' ng
protocol is another exanple of such a well-known 10 protocol. e ATM

protocol is caPHiper! gFed ‘Twih@e(ﬂ?éﬂ-iHWQ}feF,s%'WPE!éa@MOftb@Cblfmdiang_ ;je! ay
for voice, dat ¥ i [}'gw% IPES refore, it is
considered to ??é%eigmag&prnggﬁt@ uni c§?§lg§{¢é€mtg§§g9ds %}@e ATM pr ot ocol
i s scal abl e, eRABMUAFatior peatersl UsaBbbthedybad link 30b&he starsiaat ntetndts f r om LAN

' v ' twor k). The ATM protocol
Can al so bo usbror (R shbnih Brofbi febrifind SErBR AN & elPrWhn: ot o of
a 5-byte Héhdeproteded header fiel ds 38) anﬂ adpay:c _oafldof 3;16 byt esI Iof
' ' ; ' A40). . Th r fi S general ly
corpri se the  dest i TS AEM PrilelBli8 daeanle st GFiNGTe gualh i seivi Aa check
field. The conoptohizimgdeldy for adivs, datﬁﬁwic{]mtérﬂﬁ?ﬁgg ct@ﬁﬁﬁl?ﬁddf _ (tailagggsét?l%%g 88? A'Cl)'?/l-

ket (th ro acket 36 th the payl oad type fi ,

ore ot her - unt e ¥onsidsartipcdhrbaent roraSerivirlying destiwoiogs. Thee

48- byt e payl| oadThigretocons ebalablecbribliiga dtandans 89-tyte éélﬁB%%QFéns@éH% dcgzt rol

(Fia. ) 185 GREtAN lleqal afsa astupriah CAN visandhevide asecnesvosh Toe pb e
Che qual ity of " the ont st “Q‘S@E%‘Qzﬂzﬁﬁ e v R T SSRERCCAT "oiven
Lhe amal | s zeonsisis oEa gt hedep br beades fisk 38)med)y paylead ofatecttessofon wi | |
consune an al Bdrmation (the content fields 40). The header fields 38 generally comprise the
' destination, payload type, priority, and an error check field. The control and
20  status information are encapsulated into one ATM packet (the control packet
36) with the payload type field set to 001, or some other unique identifier
indicative of a control packet 36. The 48-byte payload (the content fields 40} is
used to transport other control and status information between the master and
slave stations 22 and 24 (Fig. 1) '
25 Ideally, the rate at which the control packet 36 is passed between the
master and slave stations 22 and 24 should depend on how fast the quality of
the optical path 26 (Fig. 1) is changing. Howaver, given the small size of the
control packet 36 (53 bytes), its transmission will consume an almost-
insignifi.cant 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

(D) field 42, a conflict resolver field 44, an optical failure field 46, a power
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i nsi gni fi cant amount of the bandw dth 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 conprise
a control packet identification (ID) field 42, a conflict resolver field
44, an optical failure field 46, a power 9 adjustnent fleld 48, a power

adj ustnment a . Y r fi |d 52 and a tota

t rJansm tted f |ée{{}lsdS tléhﬁ '%1@9%0% %raédédsl%ﬁ&tl%gqlﬁgr%d QH {qcpe(gg PPYEr ATM
packet in whi dield 52 iasd iartotat tvamsumﬁdd flaiuszscmweloomrormsgbvpﬂéwatbql?é%rwzz g
referably a hat ermis the 5 master and slave stations an
> Sh & gtk

24 (Fig. 1) td EO¥MRIED Bds REeROfated e are two control packets 36.

Under normal oper atfingtonfii@Eic@oMkt ﬂieléﬂﬂi’s"ﬂ:r}éfé?élﬂy%%gfl@'brt ttﬁ’élcﬁé%lts?@x f I ow ng
bet ween thg mast er and Sl ave stations Ing a Initi aI i zation
e

node, howeYer ,Mafier apdslare stationy %Q/é”%g‘éfﬁ'@n’b) tQEGWT@ Qﬂﬂmletfmuhgre aret h
generate a ConbQonp kefd @6, hdeh Rofid SbeRNBAAGR i de i 456 ERHIH) ©

packets 36 nust be reso During normal op era ve 0 ﬁjandby
mode, the mastRackal# wing betweendie masteaadd SIevpaalobaQE mdcmf @drimgaarsi ngl e

ntrol packet; {
Cgper ati gnal "s"tﬁ gl'fégtlbn rﬁcila%dﬁé’xg%\%é&ﬁtﬁ?ﬁaé? z??'f) 'av%ﬁ%tf?@s%% ?W@?‘f‘&féﬁfawv node,
however, the rbméh genarate sstentm! pathet 36 thad baaﬂpr%éelbmi d&f thenes ddrtrapont r ol
packets B%V\nt tg an "initial" state

flict 15 fi
or indicatlon p?-xgk%\g S%g{ﬂ'ff)t Ib%lfﬁ%o YEFFL [ﬁ‘éfglge’?mg'g ‘?ﬁ’%ﬁt'%'" aglive egstendby changes
the confli ﬁt e, Wmﬁst@f dndlélaw slag§n§mgﬁghg®|é§i<ghcl§ﬁnc§ deS?tﬁleacét,;H?gl E: ti al
f ] as _descrj bed bel ow wi
Ete? E)reet ?oLt ?n%{ﬁa] F&?R tr%ﬁ W g'l@'e‘ic’“ﬁ@t fesolvpefiglf 4dsek tonan @Peﬁlomhétaiﬁst er
and sl ave st ajriikicatidn (88dadd RehB uﬂi@&ﬁﬁé’n ﬁ‘i@bﬁerﬁd‘vﬁ‘év\é?qhéﬂ‘[gsfé?lar\8§ t 36

that 20 contains a conflict resol ver tothe initla

Thus, the nmastS&tions@g@and 240ty QQE%i'ﬁtPSCQW@ pagksts Qﬁ)‘ﬂtﬂh the mlmreaae/er ecel Vedd
k0R, 2 ves an
upon i ni ty&l i zRjd Meetthen ﬁ#t%ﬁtﬁtb%?w&n (Qﬁeéh B e, ag}gpstaggﬁzfg i

processes the first contro packe I nce
the master st &ubsrAuently ehangeisdhe conflictiresolves field4d infitsedathtrétipadket 36 frbir st

oy o “packatielpiBASER o e HERRANAE A 4R BL L S U hiidaPRy’ T
20 (Fig. 1). Bbefomstcatingtie sdramepatﬂ@t B® tsth Zlavedstatibn zmcmhé magRfenat e the
control packety 38 dlicht 9% ﬂﬂuetﬁ %%%ar\t/:leantyr}gcglegé ESntrd] 3 packet 36 that
20  contains a conflict resolver field 44 set to the initial state. Thus, the master
station 22 discards the first control packet 36 received upon initialization. The
slave station 24, on the other hand, receives and processes the first control
packet 36 from the master station 22, since the master station 22 sets the
conflict resolver field 44 of ts first generated control packet to the operational
25  state. Therefore, only one control packet 36 is afferwards passed back and
. forth in the hybrid link 20 (Fig. 1). The master and slave stations 22 and 24
each re-generate the control packet 36 if it does not receive the control packet
36 from the other station within a predetermined timeout period. This timeout
period may be user configurable,
30 ' ~The optical failure field 46 is preferably a single bit that indicates the
transmission status of the optical path 26 (Fig. 1), i.e. whether the optical path
26 is functioning properly or has failed. Whenever the master or slave station
22 or 24 (Fig. 1) has possession of the control packet 36 and cannot detect a
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36 fromthe other station wthin a predeterm ned timeout period. This

ti meout period may be user configurable. 30 - The optical failure field 46
is preferably a single bit that indicates the transm ssion status of the
optical path 26 (Fig. 1), i.e. whether the optical path 26 is functioning
properly or has failed. Wienever the nmaster or slave station 22 or 24

(Fig. 1) has p f - nnot det ect

proper si gnal 9n t giggpa)lt ﬁéh‘%ag‘&ﬁ%{? |'¥<% aﬁ%pitﬂ@ ??W@x'm“"??%lcﬁﬁm mum
optical power ppeeklevel then thenmas’ea;toeslaue skdtien @23 28isets (R dptncéHauﬁ.ﬁEéS t he
optical failur f ] 0 fai.l di cat On the ot her
hand, \/\/nenever(ﬁ?liguj 46‘%% ?%lreh Pt%gf @F%anozﬁ@%ecﬂth? EWQSW 6%%V@§§'leon of the
control packet n%temd shve afaudatzecttr 24 H¥s QB sessidivsHithé BoAthst p@%ét @@langat h 26,

t hen t he ter_o station 22 or 24 sets the optical failure field

46 to an " aycaggﬁt@ﬁé 8F°pieﬁﬂ'i98§|t'f‘6'ﬂre°Pt‘méﬂathr?6aheﬂ\ﬂée Fester sndlavee opti cal
failure field é@tlbﬁZQQi‘ 2T4%e¥shﬂefo§hé£¢au R 4 tﬁ@ﬁ kaéy' ggatué &ﬁné@?ﬁ(ﬁ g9- 1)

switches fromthe active node of operation
oper ati on wher ¥VheRdn @stive mgde andithe @;atcadfadur@rf elché6 Rseb & the]fadélﬂst(aﬁlsg 1).

Wien in the stgp %ruﬂ‘hﬂﬁ 2ﬂgﬂlga 5&9&%@5 frB?rfthS §8$ oﬁgpeéra ;t C\ﬁolttbﬂesom | cal

failure field 46 Set to t stat us from
the standby néi@adwmpie ohoperatiomwiiere tﬂihdatmmommd;nwatéﬁBMerftheERH phth i s

ref er abl Wo S ion . sending.the trol acket 36, set
Ito o i ndi ca%ﬂgt m%ﬂ'i‘ﬁ phghp Qrir{'t @18 s?%%%xﬁ'?qd&ﬁndl%c‘%g Pa? 8 re&?'e?q’\y'“?‘étﬁel vi ng
station needs opﬂdaéfd:leﬂetfaﬁdﬁaagﬂdhe dRay staRie! ©@ Hybrid liAK PORBRERS frobh thePover

adj ust rent ano | e 0,1s referabl y several bits indicati ng the
amount by whi cﬁ%ﬂ%’ ﬁ%l? @eﬁ Y$BIRY®s instructing the receiving station

to adjust its transTet peeebremiuseAéntiiRRE4S is@f@l‘erabTWH\.% bsl@”‘@@l Ij\ﬁg 's&fidhY! N9
J

station receives Ehe control packet 36 containin ust nment

field 48 20 i nefiMAIY e cenize! R%Ee'ﬁéﬁ;\éﬁl fodidirats qr&mammtte@gaucabr
decreased18nd pdweer 16w at Wer8csilingisPliorHeeds o bk A.HE ﬁtﬁ@{éﬂe rdg&%\‘r@nttﬁ]&u' d be

i ncreased or decreased, the receiving station upda ransm
optical power 'Pwment%cﬂ?wwrtaﬂmmemmmt flﬁ|§|5@aseclefbrsablyl'sevpmwbns

adj ustment  anpgicafinging %un-{gg“fh?&ﬁhe sSﬁfﬁh ggt: glnghﬁwgt E gﬂpeg,egﬁg: y

several bits indicating the opti cal
in the opti caIStﬁfalmtomit(sﬁtgiram§mlttep@ptlcaleowepteveﬁ THus, wher it repéioicgt 36,

the receiving g QABeRbS I APtb SRHRPAE 2oftdRing the power adjustment field 48

20 indicating that the power level needs to be increased or decreased and the
receiving station concurs that the power level should be increased or
decreased, the receiving station updates its transmitted Optical power level
according to the amount indicated by the power adjustment amount field 50.

The total received power field 52 is preferably several bits indicating the

25  optical power level of the received signal in the optical path 26 (Fig. 1). Upon
receipt of the control packet 36, the recsiving station preferahly compares the
enclosed total received power field 52 with its local transmitted optical power
level and/or the local received optical power level to further confirm any amount
by which it is to adjust its transmitted optical power level.

30 The total transmitted power field 54 is preferably several bits indicating
the optical power level at which the station sending the control packet 36 is
transmitting the signal in the optical path 26.(Fig. 1). With the total transmitted
power field 54, the receiving station can compare the optical power level at
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encl osed total received power field 52 with its local transmtted optical
power |evel and/or the local received optical power level to further
confirmany amount by which it is to adjust its transmtted optical power
level . 30 The total transmtted power field 54 is preferably several bits
indicating the optical power |evel at which the station sending the

D Wih"the tqhagh s e e Xighal Hethitaf ) 28 BuhE PryfdbleSs Can”
conpare the optievaiat ybisb thd mmimgastaﬂdn wmamlsmltnng metsigmﬁ - \Aﬂfel dgmtcﬁlfbétmzlga'

at C e' sending
tation Ts trafteenngrhize M Ghicel B s oxforimirousr et dimety
synchroni ze t hefopeiatieh. power | evel s or confirm power |evel symetry of

operation. _5 Mire tails . concerning the hybrid link 20 are shown in Fig.
3Io The nmster stat eggta ﬁ%?%ﬂ?'?gg’t?rﬁ%bﬂgé@ k #0768 seewnyjit FigaB. fThanscei ver

(OT) 56, a nﬁﬁ'ﬁﬁter@?aﬂdnaﬂsg‘@ie\féify copride§BHhdfert gpﬁ)ﬁélqun‘éﬁéwél‘mfs%c ﬁeun' t

(TIU) 60 and a naster control interface unit sl ave
station 24 gendn@dtenRF Hangneivees8.aa maat%tr@ﬁwermtsﬁmmmwnmeadaer 66 a

slave TIU 68 anfadertiofitst inbrad bif fo1ufR SYEUEHGH 24 3881
| CAt 85??@ ¥ pat h

comuni cate with each ot her

26 which are pﬁ@]‘f‘@ﬂﬁwa giaveliOrTe@% etsla\tmRELtl'gihsctdfmrteﬁraesMwel'HU 69 st s place
region 30.44hu master and slave OTs 56 and 64 and the optical path
26 general1y formah optical link portion of the 15 hybrid link 20. _

Li kewi se, the mast eThandsker and sRVvE QTsSGand 64 compBnRatk With e§6HBMBF Cate Wi th

h h t RE I roa RF path 28 across the
Correstral fr SO0 e Rl siaas n e 89tcahaath 2euicn e Wpisplece direcied
transcei vers S&ran@h ﬁﬁ taﬂtdsthﬂefrdBEspé%bhe@Sn genqhab| the htisraand dradd ?Jff BQ” ' on

of the hybrid | | i nk portion conmunicates in paral

the opti cal 20and %E ﬁ&&r"ﬁ‘? BPFK@i P?lhe'zergﬂw%lwfpmalzopthaiénhpoam dbthe c?| Y | nkI
r.
portions bigh egemeRik 20, CLiREWAse ithe h?ftér*?a'ﬁ \%%F ggh%:%gle?ﬁgatahﬁ ggest e

U 62 of the nmaster station 22 and ave Cl U of
the slave st at FéMmpRicatmwitheaghepthamiraughtie ansl@mlahmaﬂaamnmaF@am

Feeept ] on. - The aagse o girebfial e SPoe RO, B, o e BB I SEHERE! o s
and control i nirensaeivesh 5@ aind B and the RF path 28 generally form a RF link portion of
the hybrid link 20. The RF link portion communicates in paraliel with the optical
20  link portion of the hybrid link 20. The RF and optical link portions both connect
to and utilize the master TIU 60 and the master. CIU 62 of the master station 22
and the slave TIU 68 and the slavé CIU of the slave station 24.
The master and slave OTs 56 and 64 process and ampiify the optical
beams in the optical path 26 for transmissjon and reception. The master and
25 - slave OTs 56 and 64 also arialyze the status and control information of the
content fields 40 of ihe control packet 36 (Fig. 2) received from the opposite
station. Upon receipt of the control packet 36, the master OT 56 compares its
optical transmission power with the total transmitted power information
contained in the total transmitted power field 54 (Fig. 2) which the slave OT 64
30 . included in the control packet 36, and vice versa, in order to maintain
symmetrical power operation. The master and slave OTs 56 and 64 adjust the
optical power level with which they transmit the optical beam in the optical path
26 based on the other station’s assessment of the received optical power, which
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content fields 40 of the control packet 36 (Fig. 2) received fromthe
opposite station. Upon receipt of the control packet 36, the master OI 56
conpares its optical transm ssion power with the total transmtted power
information contained in the total transmtted power field 54 (Fig, 2)

whi ch the slave O 64 30 included in the control packet 36, and vice versa,

in order to Neijgtaiad in MR féc%ﬁ)egm\o@ F&B@ﬁ!tﬁre&%ﬂ%ﬁ%?ﬁﬁ&rpa%ﬂ& gg.ave

Ors 56 and 64 adjust the optica evel w ey transmt the
optical beam i nTherontpt packet PRaisralways wpedatet atrthe masterisad stavat 0558 and

assessnent of t cel ' [ is cartied jn.the total

recei ved power 1T efr% rgé&glga'?cﬁgh?%@ﬁ%”goﬁ]?pg‘:{%t%%&?@ﬁ%.F'e ﬁg OJEJ?ﬁ r ol

packet 36 is alogairsl paoiet Iiwih neweontsitdata eslidctldden éH@séTg&h?opﬁébl The I
S of the contro

t d sl OTs 56 _apd 64 update th t field
backet 36 ubt h FRAET lRvRl PINe pereV AR el G5 ki SROSTG QRIS RIE S
power |evel of lémahsgebm%@@%dawd c&ﬂﬁﬁl’bﬁ?&th@ﬁdfhe‘irﬁ@éﬁé&i&é fRihsiplorcal

power |evel and submt the updated control packet 36 to thelir respective:

nmaster or sl aBave UGS &E8fer fasting ditherppresite statigpposi t e station. The
| ; on.
master and slave Tl gaq GihsitbnBSidveUfiDs! b‘”ﬁﬂﬁ?&?gh%ﬁ@%fa @gﬁéa’iﬁgééyﬁgnv A ster
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active mod" Frerestel Wik 8 e rHaRls 35 ARG Bl bt i o
packets 36 (Fi gtmofhhericaegtddation vEsigealtstrengtheriddntegritysi.@\ue aflivebodand 64 vi a
a control bus and, 78  res iyel he master, and sl ave TI 0 and 68
route the contr erﬁﬁ%ﬁre?”dlga'é%?ﬁ'h é[?e?fiﬂ ggg'gpé%‘?ﬁ“feothfaﬁ@ﬁmr%cb%@t 'Grast er
or slave RF tr@)sofi their répeativk Master bAsiave BITFEEEHEE4%iE detntdPbad e 8Rd
respectively, far transn}yss_{_on to the receivin station. The master and

ac

slave TIUs 60 didre5ReciMeNsthe masiepard sleve J1UsH0 ard 68 ropte thr.contioh pagkeb am

arriving f{®m 3egha d=k4 BRSdrh YEIBIrres fetifs RasRr or SBvERE thihscder 58 ah§bsand
slave TlUs 60 and 68 al so seam essly swtch 20 transm ssion of the data to

their respecti via 2p BFiqais HRLus80arsiB2 fesrestivaly, fer rangmissiom to thegecriviaad

control infor ' PrYSYo éﬁ"&:ﬁ ' hadi cat es
a failure in {T%iedt%gi ?(giglt'ﬁ?oat h rizdgs ’%ﬁhﬂgn@({%&r e |l S%Igﬁ%b@%rglep%%%g?a

coni ng t hr ough fiontthgsiata sireasa arrivirgl framn theinrespective RR ianseeivess 58.add §6ave
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20  transmission of the data to their respective RF transceivers 58 and 66 either
when the status and control information contained in the control packet 36 (Fig.
2) indicates a failure in the optical path 26 or when there is an absence of data
coming through the optical path 26. Alternatively, the master and slave TiUs 60
and 68 may route data to either the respective master and slave OTs 56 and 64

25 orthe réspective master and slave RF transceivers 58 and 66 simultaneously,
thereby ensuring high-speed‘ communication in the active mode. In this case,
when the optical path 26 fails, the master and slave TIUs 60 and 68 route data
through the respective master and slave RF transceivers 58 and 66, thereby
ensuring communication availability in the standby mode.

30 The control packets 36, whether originated by the master OT 56 or the
slave OT 64, are routed to the master TIU 60 for processing. The control
packets 36 that are received by the slave TIU 68 through its slave RF
transceiver 66 are routed to the connected slave OT 64 without-any further
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25 or the respective master and slave RF transceivers 58 and 66

si mul t aneously, thereby ensuring hi gh-speed~communication in the active
node. In this case, when the optical path 26 fails, the naster and sl ave
TIUs 60 and 68 route data through the respective master and slave R F
transcei vers 58 and 66, thereby ensuring comrunication availability in the

db de. | h
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active-to-standby node sw tching process. so the naster
t hat processes inEeNGRHAISIUSE. r esol ver fi el d 44 to mai nt ai n one control

ket 36
bsence of activity ey etnseeRedinerd s SER5ECH 0T RaG dloraliss " ha
the master TI Umicab@talllOdawyMl@ndt:amctlleadbstthat thetrma&ert'ﬁUSfiﬁ.Hmttalreﬁgglf ot
tch t t h TIU 68 es t ato e
R path 2870 eyt fe'qAie 658 o Sifruic erocere "B Eredie SRS or ( ne
RIF transcei ve‘r‘usl%svatuﬂ:esﬁuemmcpme&tre ath®8 the overall hybrid link 20.

Thus, the hybrid I' k 20 .has e flexibiljty-to accommodate a variety of
conventionally 15 a rygf'a?ﬁé&iﬁs'ﬂg‘?ﬁ%@?%%@he pogciticalipps tor the RFt ary users

may i ncor por at &r@scméﬂstwahd%@ﬁ&brﬁ Afted infislite cﬁbéﬁlﬁﬁ’?btnﬁ%’hk%eq‘h% Otﬂé' etary
frequenci es assigned b ddi tionall W rel ess service providers

whi ch possess em’ fg! ’Pkﬁ@ﬁ’@éthﬁaﬂ@“@'ﬁ)’@ @%PQ'EBO ﬁrVéﬂgtquf@@ﬁ‘éertleal ed to
operate w §&in éﬂéﬂaﬁlé‘i‘@-‘“ﬁ%ﬁbrﬁﬁew&@é’ d’r%% e@ﬁiggﬂ-ﬁ_; 5{% rom

transcei ver 58 receives the data and/or co tro acket
the master TI U raititary n@pﬁatamradmxstmm&umpr@@neﬁanetoeqmcuas a‘sslgnbdcbadcast

e et v e PO, Ay AN b e RS e hnd o'
are able to use RF transcewers deszgned to operate within the licensed RF
wavelengths.

20 When the master RF transceiver 58 receives the data and/or control
packet 36 (Fig. 2) from the master TIU 60, the master RF transcewer 58
prepares it for broadcast as an RF signal. The slave RF transceiver 66 on the
receiving side detects the RF signal and processes the RF signal to recover the
transmitted digital signal (i.e. the data and control packet 36) before sending it

25  tothe slave TIU 68. A similar process occurs for the oppositely-flowing RF
communicated data and control packet.

While data is flowing through the optical path 26 in both directions, the’
RF path 28 sérves as a reliable path to transmit and receive the control and
status information in the control packet 36 (Fig. 2). Wireless RF links are much

30  more reliable than wireless optical links uﬁder severe weather conditions.
Therefore, it is preferable for the RF link pdrtion of the hybrid link 20 to carry the
control and status information at all times, although the opticat path 26 may be
used to carry the coh!rol and status information under conditions where high-
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transmtted digital signal (i.e. the data and control packet 36) before
sending it 25 to the slave TIU 68. A simlar process occurs for the .
oppositel y-flowing RFE conmunicated data and control packetl. While data is
flowi ng through the optical path 26 in both directions, the RF path 28
serves as a reliable path to transmt and receive the control and status

i nformation in g@éhfeﬁﬁda%gﬂgféi?ﬁé g’e%c?rEﬁmeg@Red t%[:&léﬁ'? fre- %%ﬁ%ﬁgg%E%OWCh

30 nore reliabl an V\nreessotlc I'TnKS an
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hybrid |ink 20 and status information at all tines,
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i nf ormati on under cqmdnetdeﬁauﬁs PREMINY BB obﬂcéllﬁﬁk bbﬁoﬁr@if'trfé‘ﬁyb‘ﬁugxﬂﬁ'zé may be

ace region ig. 1) when there has

nmu t th e free
ggen glncgqﬁl prre{ﬁ‘ghj‘gfngf ﬁé‘i"’?%ﬁpﬁﬁlaﬂﬂl*@ $'ﬁVQ 9@5 EﬁFarq ﬁ?@wrplﬂrFtlQ oh 'BTB t he
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hybrid Iink 20, 5 including the nmaster sl ave
shown in Fig. sconpgational opticalderelestranie C@T‘eerslenaﬂ'de&ttamum talinconmarateal

d r ma el. [ I on.
The Latter 1o R RREIG oy AR ROy oREIEERY Phfad BN, isigaernn,
proprietary healhat therapdical limk portion uselpﬂreédapneeipowflattorﬁrf[wtﬁgrilh?a?go &é%tmlgl cate

ni gue to opti
\?\noith: (rjlnt ﬁzqog?lgﬁﬁgh@@‘e%%# Wgro 56qg,nd thepsl ave OTI 64 are
general |y sinilar i ThetmastetOF 56eamd thpslavbions4 E‘lﬁgéggﬁélﬁrg sugigaﬁﬁ ﬁﬁg&t“f‘%g

a

sl 11 er G aReraler ot Baster STRE G BB T 646omRIS®En oRicAINt f o
packet gener at oiecdi8r apshuke 88 and 60, bﬁéﬁﬁdﬁl Bi‘-eeﬁmﬁﬁﬂfé?@z%@aﬁﬁa‘éﬂhﬁn 04 and

106 and an optical transmtter 108 and respectively. Control |ines

(not shown) to FFIEASHENLUYHSED @T%%ﬁt@nﬂ'@'rﬁﬁol‘@t QQﬂﬁéatﬁﬁ%@%ﬁnéﬂn@Q dave ClUs 62
and 70 (Figs 3)trér%nﬁﬂéﬁ’pék@eﬁf§2fa%)umﬁﬂf4§rﬂﬁ dé)énd sh Sgﬁéa?tr Rsrﬁ*ﬂ@? 5[‘? nts.

The optical path 26 through the terrestrla free-s ge erally
conpri ses a nast¥k respestivale Geatrel fines (nqtam,wn)tto@acmf these E(qunlts patnits

Sl avet o mast er Bosag hd Rt SR o STF b RATe Bedlo” ang
recei ved by t hesignAl$ teathese elemants. a'ﬂmrmpllcal Bah 26 through the terrestrial free-space
region 30 generally comprises a master-to-slave beam 112, transmitted by the
20 - optical transmitter 108 and received by the optical receiver aperture 90, and a
slave-to-master beam 114, transmitted by the optical transmitter 110 and
received by the optical receiver aperture 88.
Since the master OT 56 and the slave OT 64 are generally simiiar; only
the elements and function of the master OT 56 will be described. The same
25  description applies to the corresponding elements of the slave OT 64. The
optical receiver aperture 88 receives the slave-to-master beam 114 and sends it
to the optical pre-amplifier 92. The optical pre—ainpiiﬁer 92 amplifies the slave-
to-master beam 114 as needed to detect a distinguishable communication
signal containing the data, depending on the signal strength, or power, of the
30  slave-to-master beam 114. The optical pre-amplifier 92 is only adjusted locally
within the master OT 56 accérding to the optical power level of the received
optical power. The amplified beam is delivered on a data-out path 116 to the

master TIU 60 (Fig. 3)(or a data-out path 116 to the slave TIU 68 (Fig. 4)). The
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Since the master OT 56 and the slave OT 64 are generally simlar, only the
el ements and function of the master Ol 56 w Il be described. The sane 25
description applies to the corresponding el enents of the slave OT 64. The
optical receiver aperture 88 receives the slave-to-naster beam 114 and
sends it to the optical pre-amplifier 92. The optical pre- arrplifier 92

anplifies the Yol rb QR4 s2 Q%Hﬁ%&éd%stha%ﬁgﬁﬁelta%s%sﬁe% epeng? ng on the

di stingui shabl e connunl |on signal contalning the
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provide a si gnabmamdlt@me trm@ﬁnté@pomvwdat@mh@i Tﬁ@cﬁérﬂm\éﬁaéé&g@éﬁt@r beam

114 or the amount_  of ication required to create the anpl beam
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quality of the githavgcantePtisRatiRld g,rgn% ngs(‘ fOr to the
control packet generator |100 anaﬁ‘8 t he trgngsn?tte%@edr%& U’?ﬁtb&%lt 104.
The chan neI as frerating, i eongsnatigs| véthem cenventional GMCIIOprmJessbrqmtedhomng nal

processor SP tdaer a conventional field progranmabl e gate
array (FPGA %ogfrggrﬁ] é‘%{ﬂ%ﬂeqé‘f P operating in conbination with a

conventional ni cr opfbe assmittedgowshopaste uhid 106 nécebdidsi thg bebm qmﬂtyesl‘grﬁf 56.
The transmtte oyer t it cei,ves the be nal
fromthe channgrpﬂ'é%ecg'gﬁgﬂta%ﬁ%% ”g'ﬁégﬁﬂg\('&%ﬁ? ol pa@g@?ﬂé %Hs@% ®) from
a control dat aonmqmdata)mbbt p&tA. 11Ba8&da@&ntﬁ€bé&ﬁﬁhﬂ!ﬂ?|sidnhl fore e chdrde t he
channel assessnment un ?ge aﬂa I nformation contained in the power

adj ust ment fi efd® ef‘§m£§' t‘"l‘—" f%@fqrwatlmcwmﬁd%}hwm@dmt fieldel d 50
(Fig. 2) ofsthasqpit Rphnd ﬁﬁﬁb%bw@ﬁadjhé}ﬁ]ehf araémﬁﬁeﬁﬂs@@mﬁfzw%@éeo Ryt 104

determ nes the anmpunt of power, if by which the opti'cal transmtter
108 is to adj uBBCKEt pn%ﬁ%m"@ﬁﬁ@%ﬁr @ﬁ@ﬁ&”lbW@%mﬂeﬁthpmpmofto form

t he out goi ng ﬁgav‘&v@f 1ﬁé?ffbﬁ%zc?ﬁﬁ€bfﬁéa?%ﬂ_ Bter l%tB'é%JsS%ﬁ'COﬂ[Tﬁ power

update unit 104 ( L recel ves contro packe ing the
power adj ust rreﬁP“(fﬂ' élQ@a & B gigtacinnatiy 120 i formdhe outgningi master-topslavesbegmowner

level needs t104h8 THGE SARRFANGtralEnltea W e 0FadtB Enit 104 (Fig. 4) receives the
20  control packet 36 containing the power adjustment field 48 indicating that the
transmitted optical power level needs to be increased or decreased and the
beam quality signa! from the channel assessment unit 96 provides a concurring
assessment, then the transrpitted power update unit 104 supplies a signal to the
optical transmitter 108 to update the transmitted optical power level according to
25  the amount indicated by the power adjustment amount field 50. The optical
transmitter 108 may not permit continuous power adjustment, so the power
adjustment may be performed by small step increments. The transmitted power
update unit 104 implements a conventional digital signal processor {DSP)
algorithm in either a conventional field programmable gate array (FPGA) or a
30  conventional DSP operating in combination with the conventional
microprocessor (not shown) controlling the master OT 56.
The optical transmitter 108 receives the incoming optical signal on the
data-in path 120 from the master TIU 60 (Fig. 3)(or the data-in path 120 from
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beam quality signal fromthe channel assessment unit 96 provides a _
concurring assessnent, then the transmtted power update unit 104 supplies
a signal to the optical transmtter 108 to update the transnmitted optical
power |evel according to, 25 the anmount indicated by the power adjustment
anount field 50. The optical transmtter 108 may not permt continuous

dj ust r vy Qi e fo d b Il step
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general |y for n{D$R) algmithml in either/dcdriventidrral fioldtprodrakiatabldyate HiayXPPepyt r ol

ket generator 100 i npl s a conventiognal digital signal processor
CBSP) algori s nifl @ FORIEHBRS DSk ARTANG Fegomtas lgnoyi Byha RRKSEOGat & ar r ay

(FPGA) or a caRreptotessal (FOPEhaRSy cintdling theRabiepayri s Wi th the
conventional mcroprocessor (not shown) controlling the master OT 56.
Under severe weat hefNdessaveregyaatharsondiiang fer, exemple eithpethedeaster asistaveav e

15 OT 56 i 640TR% sleAnky Géﬁbﬁg@éré@éﬁoﬂfoﬁﬁbeoﬂﬁ%g ﬁgﬁsaﬁhﬂﬁ‘% c{ﬂt@éﬂ‘ aﬁeﬁﬁ

optical path 26 while transmtting using its t. optica nsmtting

power. |n thi s26 hilgrangnitting usingitshbighest optica trademniting power. dpmisial beamF.
9" vt o neBPRST EAbr O Bt BBt d iy Lilanc (' °
subni ts the comaster OFcfitksats 86 omticahfailuedictt 42 (Fig.l 2) vithif Fegcondbl packet he
control bus 7636 %Eeé)‘% e “faiaifed;’ rs]f?eltt?sl S’ su%igﬁhg %E)ﬁt%lspawgt 36 to the master
20  TIU 60 (Fig. 3) via the control bus 76. Otherwise, if the slave OT 64 detects the
optical beam degradation, then the slave OT 84 sets the optical failure field 46
to the “failed” status and routes the control packet 36 to the slave RF
transceiver 66 (Fig. 3) via the slave TIU 68 (Fig. 3) and to the master TIU 60.
The master TIU 60 processes tﬁe control packet 36 from either the master or
25  slave station to switch the data communication to the RF link portion of fhe :

hybrid link 20, thereby establishing the standby mode of operation, when an
optical link failure or degradation is detécted. 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 I/O 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 confrol 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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optical beam degradation, then the slave Ol 64 sets the optical failure
field 46 to the "failed" status and routes the control packet 36 to the
slave RF transceiver 66 (Fig. 3) via the slave TIU 68 (Fig. 3) and to the
master TIU 60, The nmaster TILI 60 processes the control packet 36 from
either the master or 25 slave station to switch the data comrunication to

the RF |ink pottaneeindr eeh@hichydhié)s th@bo&%l p%:@t?{t%?%ﬂ% aalé ?gjegé’ g%gel?)m s
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26, so the sla &S Vit ts optical data
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transcei ver 66 theiavdistatiory @ushé bmtm@bé@t 3BQF|PGQ) 3ﬁ1etébr{nh8e§' ave TIU 68
(Fig. 3). The slave TlLU as probably al ready performed the
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The conti d W t he hybrid
link 20 tgmsvm PE agw%%p&ﬁégﬂ%tc ﬁe%ﬁ?@%@b\aﬁ%ﬁ%ﬁn{%l g &t bg? Wﬁt 26 shows

i mpr ovenent frBﬁﬂlllﬁf'@lqsdlméafto(tmm“ednooﬁﬂmllmnﬁermaé%ﬂe%déiﬁ:sﬂnd 64
nonitor the pe p ath ttenpting to exchange
a synchr oni zat f%tﬁéw&fgrhgé% tpgtgrzgqhﬁe"%@m rgn'ﬁ?l' Fg’ WgQEU ratpd by
optical |y tranffesnasteranthslaveDiTs &6tdne Gliedrai i fiot franEntided b PeGhadtieardd pat h
28. The synchr I'i ido Cﬁ@% Em I S enerate t he master and slave OIs
56 and 64 and FEV& s:éba 1 $HC SHGHRNZRONBitsizfam IS A0 AISTH BYNB0 and 63,
The synchriéni zmit}aﬁzatmnttatalhgﬁtﬁe Maftepandisiade OT5I58%knHB4 BitbicdhbZatd 8N O
align the master and, S@é‘? Ols 56 and 64 before the data Is comruni cated

t her ebet ween. FRMMENIGA S[EP@WERBt t he nmster OT 56 and the master RF
transcei ver 58 (Fiigs p?éfeﬁﬁﬁl@bh%tﬁ\%'mé’ﬁ r OB ank tHd h%{steéf' I'\‘efffrglzé’cgﬂiﬁ gbcal Ly,
v

to the sIaveOT64(F|g 3) and the slave R F transc and
vi ce versa. Fuﬁlg,@( ,am%rs d,ghver power similarly, or symmetrically, to the slave OT 64 (F|g

3) and the slave RF transceiver 66 (Fi ig. 3), and vice versa. Furthermore, all

20  switching between the active and standby modes occurs seamlessly and without
data loss. .

1=

Under normal operating conditions and normal weather conditions, the
master and slave TlUs 60 and 68 route the data to and frorﬁ 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 OTS 56 and 64 will

_both pe 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.

18



20 switching between the active and standby nodes occurs seanl essly and

w thout data |oss. Under normal operating conditions and normal weat her
conditions, the master and slave TIUs 60 and 68 route the data to and from
the master and slave OIs 56 and 64 (Fig. 3), respectively. During _
initialization, however, the 25 master and slave OTs, 56 and 64 transmt

h h i zat i ILELT i . maxium, opt.i pover. Afterwards,
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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. Thus, the hybrid link 20 (Fig. 1) may fall into 6scillati6n modes

25  wherein the master and slave OTs 56 and 64 keep adjusting their transmitted
power levels back and forth. This situation reduces the efficiency of the hybrid
link 20, and Is therefore not preferred. _

In initialization as described above, the master and slave OTs 56 and 64
each generate control packets 36, and each OT initially sets the confiict
30 resolver field 68 to the “initial’ status. Each OT sends the contrbl packet 36 for
routing to the other station, respectively. During_ 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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3) updates its transmtting 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 O 56 or 64 is in the process of adjusting its transmtted
power |evel 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
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(Fig. 1) may fall into oscillation ereln | er an ave
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control packet that contains a conflict resolver

"initial" statiedefingd timeffamarast er OT 56 di scards the first control packet
36 receiv fromt ; of her hand,
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si nce the nast#andbumpdes ofopenationdsy extéeraathoappliedtconiesialigrals, fasavall byt o t he
"operational" ' ' acket.. ddi tionally, fthe ter and
sl ave OTs 56 a@%q%%ﬁte%@ﬂ{e%ﬂ&%%g%%ﬁ@ lﬁﬁ@“@@lﬁtq e OPB'%Q@’“"%E‘ t}‘? oplic3oes not
recei ve the copathdnh theanérrier 36t Hesoribelie Toimeaster e sdve CIUs 620&ndipd iagd time

frame. 10 The brid link,20 may be controlled to swtch between the active
and st andby n%%%%”sgfco&?éﬂleﬁ'i rBﬂ‘X?Ws 8&?‘5PBHP?§/°%{E$WP'&F°@HHWW menTiNgs, as

wel | as bys t hdeviessyivhichisupply efid1edntiol spaRToNGvildhMgiHEdds o dpferdtioR opti cal
beamin the optical ﬁ_@}lh @n the manner just described. The nmaster and
slave C Us 62 SfeMmaty-nijerelosine Eléb%'ﬂﬁhé%mgy barirpaitgrasianst eantrollges of

net wor k cont r ghrougfl 21RBAIIKR r@_ﬁmoﬂésﬁ?éﬁ%@rgﬁr?l)l;df‘.i Qﬂ’ﬁqulﬁ‘}ébwﬁ%'g%%g ol signals

for switching nodes of operation ‘extern ere rid link 20
may be noni t ordfigeddenestempkepntroh thrmaster rod slave Clis A2 et Osgostraand

controller. \Wgg nidiferna’disle 110K 68%rd%8, 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 ClUs 62 and 70 command the master and slave
TIUs 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 opticgl 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 faiiufe of
either of thelmaster 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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configured for external control, the master and slave ClUs 62 and 70
command the master and slave TlUs 60 and 68, the master and slave OIs 56
and 64 and 20 the master and slave RF transceivers 58 and 66 (Fig. 3), to
nmoni tor and control the hybrid link 20. Additionally, the master TIU 60
mai nt ai ns an updated copy of the nost recent control packet 36, which is

accessible by t ster an e ClUs 62 and 70

comand t he nas%lﬁrr] ané&qggblgc’g%%ggggﬁgﬁ ggéﬂapgg‘f?éeﬁq\% Thys themesiem t he

(SS\éVI tch7get veen arbslaed Cilds Bhand B0 pta&ﬂld@bbl%ﬂ@%mﬂi@%fﬁﬁélt|tﬁferﬁeébﬁrt gﬁtave clu
or may issue a co or fromthe stand

syst em nai n%/ena%@na%wmer %‘Hg‘ﬁé{&@huéﬁoanﬁ'@ theqsastsr ard alﬁVﬁ@TtS(ﬁG he

per f or mance of éﬂlﬁsdﬁﬁ@tﬁerrﬁéﬁéﬂeﬁ'ﬁié?éve RP trfah§c rs &8lanfae))- qy&}ﬁ?@n% hybri d

link 20 is hgternallécontrolle however, e swtching active
to standby rodeB3Yec Ms%aﬂQ)ﬁﬁiaV@&'WQMdeS@Inﬂ@pemmlceahmlfalbbmtbeor

degradati on du Fﬂm t her of the
master or sl avgeﬁo% %?%éﬁ%rﬁ&a%ﬁ{n g'Lattlg 'ﬁ&{ﬂ‘” t&ﬁhbjé\%-{ %W?‘ﬁ?& happens
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recovers suffig @ provide reliability and effectiveness in 20
conmuni cati ng t e opt I'C signal through the optical path 26. Thus, the

master and -sl ave Theshybixd m1d2ﬂmaplbeymblemdm&cﬁm(1ffféreﬁ £ 'F}fdé% le h
interface it dslave TIUs 60 and 68, the
mast er and%sll avi‘%@v%‘gm#&’@lﬁﬁmﬁ wiedAnfeqIoly sontrol upi intedacasr s 58
and 66, Having tbobhrguré maAtaRT ard &bl ﬂfiédméstéff AVEsISSOTe oy tf-?ﬁh%t

pa are

i ndependent co at bot Pthe ends of the conmuni cation

useful to suppg'r] ea h3saGe 9 lirdRastien pthe dwbridh Hink 2@ or the maﬂedefmher ein

each station 2%@@ P | ink 20 may
be inplenented in gll-lgﬁgr?nt m?h%erhﬂ%ﬂﬁ%\ﬂ@%ég%t&gh?rg@}{ﬁ%%g 62 and 70

(Fig. 3) may b@f%r@m"&%r Ipvaip pkihe ontieal trapamitters11 @5 and #30 (Fig. 4)arid ther e,
et o™ B er Sepipetes USRS Aop NGt inhe, i o
slave TIU 60 arﬁlaﬁtanceasehﬂeem&xennaaten andcbane @m‘s 66tand 64pt i cal arrpl ifier and
Fre- g gLL Lol *pr P A SUBREL d855Ehb a  Fa A ta) p b g
on the di st anisiapendendly of tre data caricaity thé apicdPpatHiss. al'ﬁcbtﬁé- words, both
the optical path 26 and the RF path 28 are fully utilized simuitaneously 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). Inthis
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 in Fig. 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,
50 that the master CIU 62 can remotely control the master TIU 60. The /O
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 /O bus 72 to the master oT
96 (Fig. 3). The switch 124 is connected to the multiplexer 125 and the de-
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In another alternative inplenentation, the RF path 28 nay 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 utilized -

si mul t aneously for the 20 communi cation of data. In this case, the hybri d
link 20 may be installed wthout the presence of either the master or the
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t hrough t he opttrambade;tsa 1/0 bus 72 to the master OT 56 (Fig. 3). The
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(Fig. in the active e. In other wor ormat 1 on d by
ei t her the 15 nt‘h%FO@M%CkHQﬁ%UO@rth@mcpm RR elateestresam beferemstiag or

slave RF tr ansgﬁ defth to the /O signal path 32 or 34, respectively. The master THU 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 cbntro! bus 76 is connected to the microprocessor 127, the

multiplexer 125 and the de-multiplexer 126, so that the control packet may pass

25  between each of these elements and the master OT 58 (Fig. 3). The control
packet received from the master OT 56 is passed to the microprocessor 127
and the multiplexer 125. The muitiplexer 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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58 or 66 always includes the control packet 36 fromof the other station.
Wen the RF path 28 (Fig. 1) carries the data, the master and slave Tl Us
60 and 68 extract the control packets 36 fromthe inconm ng RF data stream
before routing the data to the 110 signal path 32 or 34, respectively. The
master TIU 60 20 processes the control packet 36 and routes it to the

master O 56; pheeesss thekBntrélpakRet TWbtA8: sl frToHﬁthefrPﬁhfs'iég' gg‘&?ihéo the

slave OT 64 without any further processing. e cont
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t to the "failed" status, croprocessor 127

it at e 1 he 00 AU HTAI e SRS S elBOCA RSrianEs dbematy from active o
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/O signal path
32 and buffer 128 to the optical data IO bus 72.
25 More details concerning the slave TIU 68 are shown in Fig. 6. The siave
TIU 68 generally compri'ses a switch 131, a multiplexer 132, a de-multiplexer'
133 and ébuffer 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 master TIU 60 _
(see Fig. 5). Therefore, the function of determining whether to switch the hyhrid
link 20 into the active or standby mode is performed entirely in the master TIU
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15 node. Wen in the standby node and the m croprocessor 127 recei ves t he
control packet 36 with an optical failure field 46 set to the "okay
status, the mcroprocessor 127 initiates the switch fromthe standby node
to the active node. Additionally, the master station 22 performs the
switch fromactive to standby node, even without an optical failure field

46 set to the g6 arhediavs!ral 88, o el a8, REHEE pﬁ%éeﬁﬂg%cfe‘%aéq%eﬁémgo Vhen
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sl ave RF t r an$tveviY 68an@engral, perforrn hestvnttivn 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-
muitiplexer 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 necessary,

25 and passes the control packet to the slave RF transceiver 66 (Fig. 3) for
transmlsslon 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 thé slave OT 64. The control packet is preferabiy not processed in

30 any hannér within the slave TIU 68, but is merely passed through between the
RF data IO 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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131 switches fromactive node to standby node upon detecting that data is
not 15 . present on the optical data 110 bus 74, since the |l ack of data on
the optical data 1/0 bus 74 is an indication that the master TIU 60 (Fig.
3) has placed the hybrid 1link 20 (Fig. 1) into standby node. Thus, the
switch 131 in particular, and the slave TIU 68 in general, performthe
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down-convert the data rate of the data received fromt i gnal path -

56 when a swiTEHOMKPr SysleMA2ta Fapsmissian rateandHe-angtwitshingatThexize ofdhe he RF
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t he conmuni cati on network orﬁzéstem no signal 10
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transm ssi on g bR e TRikFlcdNe | €sser data transmission rate through the
RF path 28. T#EB storegﬁ%at%éégan be re-transmtted if mnor data | oss

occurs during the Tagslave-Tid-685neludés thebiéfes 134 thdymanicalyasksedna to a del ay
between comupratdRBit the input data rate of the data received from the /O signal path 56
20 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
/O signal paths 56 and 58 connect, is informed to lower its transmission speed.
The stored data can be re-transmitted if minor data loss occurs during the
active-tq-standby switching process due to a delay between end-to-end
25  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 power control procedure performed by the control
packet generator 100 and 102 (Fig. 4) of the masier and slave OTs 56 and 64 .
30  (Fig. 2), respectively, to assess the received optical power level, adjust the
_transmit;ed optical power level and assemble the control packet 36 (Fig. 2), is
- shown in Fig. 7. The adaptive power controlhprocedure operates in both the
active and standby modes. In the active mode, the adaptive power control
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network or systemdata transm ssion rate end-to-end swtching. The size of
the 15 buffer 128 is chosen to support high-speed interface protocols, and
the data rates at which bits are extracted fromthe 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
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i nterfaces rpil ve ovver control procedure Srmed by
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56 and 64 30 ¢drh@uniéatior iffP&Rnhert! }’r]thb%télﬁi% h Ehl ngﬁjrgqle!](? power

level, adjust the transmtted oi)ﬁ'f | ca ower eve asse ontr ol
packet 36 (Fi gWllBjwaysindisaiem fai d‘hs@tusmntﬂ'm Qﬂi@ptllnkmqntmeof the hiybrid link

procedur e 4gper gy Sécdn’ibsbéﬂ ug{éefor ag% s/ ﬁeﬂ%’?ﬁ'ﬁmqesgah%ﬁffhgq 2§t i ve

node, the adaptive power contr proce

transmitted podr@angpeicindicatesttedokay etatum‘ allowing ¢ activermeds ofopehationasei ved
cont rol packet e3m nd the power |evel of the received optical path 26. The
adapti ve- povver control procedure updates the content fields 40-(Fig. 2) of

the control packet Rﬁdwbbvepmwhdmgotmmelsﬁns@@@1@ A 68 984 it he
n .the standby nod t he adaptive power

cont rol - pr ocedb i8R REATIRIAR kool SRkt ARGh PLEFs beapoabed. Mawt, Lpdat o

the contréb patbé:etham‘océddrb@nm& aG6dp At Sip P4 Ivla@iﬂg ?ér th@%oﬂ)‘& Fya?iééglta g|2|0ur

shows communi cat.i 0 | ment. In the standby no
field 46 willF ea%@ f%‘?‘%‘ﬁ natm%ﬁﬁf%'*%tsmsweme |thee wmttqbpadsat hBs nk
portion of t hexdanyseelvad, Merl fe3Rribas BSMENIMRMIAS §id % FebRrdda] {g@,ﬁl on.

Then the optical failure fiel changes to I ndi at us,
al  owi ng the aé6: ¥ stRRitAG 1t is getesmingd whether dhairaseived 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. a0). If so, the control packet is discarded and the procedure returns to
step 144 to wait for the next contro packet. If the determination at step 148 is
negative, i.e. the control packet was not generated in the initialization stage,
then the local parameterfs (e.g. local total received power based on the beam
25  quality signal from the channe! assessment unit 96 or 98 (Fig. 4), and the local
total transmitted power based on t.he setting of the transmitted power update
unit 104 or 108 (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 optical link 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 focally, .
which may happen in this situation if the optical link portion of the hybrid link 20
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The adaptive power control procedure starts at step 142. At step 144, it

I s. determ ned whether the control packet 36 (Fig. 2) has been received. |f
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 6. Al 4 it is
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happen in this mhgg on if the optical |ink portion of theq{%J brldglhl nk 20

26 is deterior3eP ?@d?%‘ﬁ'eoﬂ%)”qrﬁﬁﬂt’?lti’éo‘iﬂdh"éeGfﬂd&ﬁl&t@ 16t. the control
packet 36 .0 traveNhér 0 RGOSHRKELES Fs%ﬁdagdoét 1éé 1i®Lontf ﬁ?%\gé id |ink
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the transnitt df'dpdikigl 2) rﬁmﬁe'rs yrehiangeds B@pmlmmwhemeuune ldcalMtotalr not  at

al| accordgng k@e’v@@p&lﬁéﬁg befo g}gﬁ:rﬁmhﬁlctﬂléér%ﬁgd%‘ﬁﬁhg?%@?otgq%gjfg%@ﬁg 4t .

(Fig. 2) at step 1 term nati
control packetpq\'@ftﬁ)ﬂé&aﬁ! sattoyt%rpammm tHe optizal ﬁémrerfraimaenmt% esiipiPalst is

Phe'{ransn £+ ofpiRe: HaRRe ThbSRQRB] 63lcaPRlls 1o 5 i et reBELPL-S0F or 106"
(Fig. 4) is adjtatys. edfhacowedad]gstnmnt fretd M8 lisisetito efleat B "Uﬁcﬁér@eﬂeﬁﬁtu‘éﬁ‘ﬂ 10
o hor eaf t o6 st L3 godofte st s Botnihn o ciRumdiveshieiendifus boon
updated a0  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. [f 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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step 158, the adaptive power control procedure ends at step 161. \Wen the
control packet 36 is updated at step 158, the conflict resolver field 44
(Fig. 2) remai ns unchanged. Dependi ng on whether the |ocal total 15 _
received power is below a mnimmthreshold and the |local total transmtted
power is already set to its maxinmum the optical failure field 46 is set to
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20  total received power and the local total transmitted power. After updating the
' controf packet at step 168, 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 contrcﬁ packet at step 168, the conflict resolver field 44 (Fig.
2) remains unchanged. 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 loca! total
received power is below the minimum threshold and the local total transmitted
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127 wll have begun the switch fromactive to standby node of operation,

o : : : Nk
and at step 164, it is determ ned whether failure of the optical lin .
portion is glso indicated locally. If so, then the optical link portion is
still inoperative, the hybrid link is still in standby node, and the

control packet is updated accordingly at 15 step 166. The conflict resol ver
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_ operating in the standby mode. If so, 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
éwitch the mode of operation, and the procedure ends at step 178.
25 N 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, itis
determined whether the hybrid link 20 (Fig. 2) is currently in the active mode. If
so, 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
30  atstep 180 is negative, i.e. the hybrid link 20 is cufrentiy' 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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10 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
nodes under the control of the mcroprocessor 127 (Fig. 5) is shown in
Fig. 8. The procedure starts at step 170. At step 171, it is determned
whet her the conflict resolver field 44 (Fig. 2) in the control packet 36 is

set to 15 indicate L ELald ' If t he 172, the conflict
resol ver field 44 éaﬂ&h@f@g@t*g&%’ dﬂiwqchffﬁ 'é‘?l@%“v&ﬂﬂﬁ’[]sbf 08 ]tlhﬁk-
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(Fl o2y i n o e giesERog Crodal 63 antfe 1D fisdndifaldh et e blcal bEhan naw st cp
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he co ued to switch fromthe active
node to t g‘?‘%hés W@a Vg 1.8 %gﬂd?'ﬁhﬁaﬁ%@’m%m%athém Benends at
step 178. If ttheredeherneaam Bwitch (B8 r@débﬁ@tﬁ@&ob@dﬁ@@ﬂ&b‘éﬁﬁe{g 4@, the hybrid
link 20 is currentl eratJn? in the standby node, then t e I'S no need

to switch the node! Bﬁﬁeﬁeﬁﬁmﬁ %éﬁﬁ%w@me%m’%tl@pdﬁtms rebprespnicarelier e f or
the slave TI Udiﬁicélcdaﬂiéwaﬂms%twm thén %téﬂl?ﬁ&”lﬂs RAARiINNY WRARS: Ron Lhe

swtch 131 (F ) aut omat i. cal det ect absence © t he
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It the deter ms%tdﬁg %o%te then there is no need to switch the mode, and the procedure
20 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
25  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
master and slave stations 22 and 24 at all times, so synchronization and power
30" symmetry of the master and slave stations 22 and 24 can be maintained even
under adverse atmospheric conditions for optimal use of the optical link portion.
Even when the optical link portion is failed, control and status information
regarding the optical link portion is stili shared between the master and slave

30



10 step 188 is negative, i.e. the hybrid link 20 is currently in the active
node, then there is no need to swtch the node, and the procedure ends at
step 192. If the determnation at step 186 is negative, i.e. data is not
present on the optical data 1/0 bus 74 (Fig. 4), then at step 194, it is
determ ned whether the hybrid link 20 is currently operating in the active
mode. |f so, tbationd 228nd34. MangWiHe MRFahbg8R 85d | I% i Yefpde at
step 196, becaUSﬁ t he absence gf optical 8ata oﬁ%?ﬂ% opt%ggféggﬂ%*?ﬂg bus
i ndi cat es fai | ©dneIgMaving skl srtheant; sfiehgainiag @mompiete patiarstafidingaid er, t he
procedur e endsc@hnehBRsid?&f inkf : ination at step 194 is negative,
i.e. the hybrid I?nk 26 IS gh F%%f¥§g?hﬁ@ﬂz st andby node, then there is no
need to switch the Rfagentlysmefetrad embodedents of B isvertsiontand it€ ind@2emehg hybri d

link 20 hag th t . hi,.gh-speed conmuni cation . through the optica
link porti %n, @%%oog%é W rt'tgédawwgf'ic%&e@ g&ﬁﬂﬁﬁ‘?‘i’:@h bis ggeerntign hasssenol and
status i nf or manade by amy\wt prefasediexdmsibUR sHabi HeQRBeRt66d {r%f‘[rl%aéciapsgpr ough

the RF link pq@tion of.the@a{kaF | ink. The hybrid link 2 oses

cormuni cat i on SEEYEEE YEAYRN ST Y 8 follewiRg claires candshoutsingtbem t he
optical |ink pariecessdrity krhieed by theHetRRE deBniptIkt i

conmuni cation i ? q{g\ai n?{ai nec?fa% t h?&éﬁ@gtdegﬂ?%%rof?ﬁg%@Yﬁﬁe? é%?@i'@lemt y and
availability ofet forin ghovey | nk portion Permts the reliable exchange contr ol
and status data between the nmaster and slave stations 22 and 24 at al
times, so synchronization and power 30, symetry of the master and sl ave
stations 22 and 24 can be nmaintained even under adverse atnospheric
conditions for optiml use of the optical link 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
stations 22 and 24. Many ot her advantages and i nprovenents will be apparent
to those having skill in the art, after gaining a conplete understanding
and conprehension of the present invention. Presently preferred

enbodi nents of the invention and its inprovenents 5 have been descri bed
with a degree of particularity. This description has been nade by way of
preferred exanple. It should be understood that the scope O the present
invention is defined by the follow ng clains, and should not be
unnecessarily limted by the detailed description of the preferred

enbodi nent . '
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set forth above, 31 1. A nethod for use in free-space comuni cati ons,
conprising the steps of: transmtting data in an active node in an opti cal
signal through a free-space optical path of a conmunication |ink

extending across a terrestrial free-space region; detecting degradation of
the optical signal due to weather conditions in the terrestrial free-space
region; and automatically switching fromthe active node to a standby node
upon optical beam degradati on due to weather conditions in the terrestrial

free-space region, whergiohihe gfandhy, mode ifebudes 4 rapsmitdinag;data in
a radio frequency (RF) si gr?al t hr oughea free-space RF patﬁrmc‘)‘?g ltcheJL !
communi cat i oROMRHHEING, the @reRsdefn accordance with claim 1, further

conprising the step.of; ﬁﬁmﬂct' cont.r.ol at_us inf.ar Lon_in
the RF signal thr ouSﬁ ﬁe ree-asglaﬂcg% plaY%hngJ tELtQ é%l g %1%3??%%]8??1“_
3. A nethod Earegdor danteeansphcel aphitalwheatdi nofhea stcepmohicateifoact i gk

degradation ol i BPLLEALS o 4Rl due; d0 Meatler . copditions in the
terrestrial freée-spdce region conprises the s?ep ot I*§Ehsi ng a
characteristic ofdetereteyvéshmpkictah sf grisd .opticAl neidedl idueaceoidadger Wit h

claim3, wher eilé.tt.he cha%act er st'tc.%]gcft he received .oBt.i cal signal
conprises a poweErTHEVET B¢ (HELFEERT 55t FRAFS 18P 8¢ A nethod in
accordance w th clhaiome8icdllnt hen teei®s | Sicr0 thehacsiep Wide U RY sth8dby-
characteristic, of the recei v;glﬁ%gti cal signal to calculate a power

adj ust ment  £B79% W%t PBRGRL FEIredaiRy duezsor HeatlopmAarcations | Hhk.
6. An apparatis tegréserian fress-spPace GUYIVRAL CalHdRSn the standby mode

includes transmitting data in a radio frequency (RF) signal

through a free-space RF path of the communication link.

2. A method in accordance with claim 1, further comprising
the step of:
communicating control and status information in the RF

signal through the free-space JRF path of the communication link.

3. A method in accordance with claim 1, wherein the step of
detecting degradation of the optical signal due to weather
conditions in the terrestrial free-space region comprises the
step of:

sensing a characteristic of a received optical signal.

4. A method in accordance with claim 3, wherein the
characteristic of the received optical signal comprises a power

level of the received optical signal.

5. A method in accordance with claim 3, further comprising
the step cf:
using the characteristic of the received optical signal to

calculate a power adjustment for a station at an opposite end of
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conprising the steps of: neans for transmtting data in an active node in
an optical signal through a free-space optical path of a comrunication
link extending across a terrestrial free-space region; nmeans for detecting
degradation of the optical signal due to weather conditions in the
terrestrial free-space region; and neans for automatically sw tching from
the active node to a standby nbde upon optical beam degradation due to

weat her  conthd iconsuhicdthent eirnestrial free-space region, wherein the
standby node includes transmtting data in a radio frequency (RF) signal
through a free-space RF path of the communication link. 7. An apparatus in

accordance W th @, ahm Gapdatatlier r&ONRIsksi hg: fRansphee cosmmMpicatifgs,
control and statuys.,information in the RF signal through the free-space RF
path of the STBHHFATEtHOFCPPAKCES. An apparatus in accordance with claim

6, wherein the pRans f&¥ tdahemltNhgIeAEAdR i AN Lk ibbenoR 16AlanSbgpataidue
to weather conditions in the terrestrial free-space region conprises:

means for seWINig AREAMFMC ErRSTPRAGT opticebiRAld: Ot PcaPrmuyligasion oling

appar at us I%%@&H@%O\Afst@ Lféﬁlegtﬁlawﬁé@lébaléaeregm acteristic of the
recei ved optical signal conprises a power |eéevel of the received optica

signal . 33 10. Ameappafarudetertdegoddansdatiiarh of dihm ®pthigai heignal due
conpri si ng: Sthet &%cmlggg £hanact c_»ké&flaqf ftf@s %;%:ceé \e%glsaﬁt'a%{

signal to ca ate a power adj ust nent or a stati osite end of
t he comuni cat| omebhakford ButAmabldrmld f ewitsleing fc:ormtlm cattiigrsmodenr issi ng
the standby mode upon optical beam degradation due to weather
conditions in the terrestrial free-space region, wherein the
standby mode includes transmitting data in a radio frequency
(RF) signal through a free-space RF path of the communication

link.

7. BAn apparatus in accordance with c¢laim &, further
comprising:

means for communicating control and status information in
the RF signal through the free-space RF path of the

communication 1link.

8. An apparatus in accordance with claim 6, wherein the
means for detecting degradation of the optical signal due to
weather conditions in the terrestrial free-space region
comprises:

means for sensing a characteristic of a received optical

signal.
9. An apparatus in accordance with claim 8, wherein the

characteristic of the received optical signal comprises a power

level of the received optical signal.
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steps of: transmitting data in an optical signal through a free-space
optical path of a communication |link extending through a terrestrial
free-space region; detecting degradation of the optical signal; and
transmtting data through a backup commrunication path in response to
detect ed degradation of the optical signal. 12. A nethod in accordance with
claim1l, further conprising the step of: comunicating control and status
information in the. backyppacetmaniicat imatopdidrecondthr eatdiyn Wist, h Fhether
transm ssion _of data in the optical signal. 13. A nethod in accordance
with clai mIZ™F4PtHEr comprising the step of: using the control and

status informati aBané oOfosWdiehi RedaharadticansnisShboNthd oradeieelir et space
optical path to the backu comuni cation path. 14. A nethod in accordance

with clai m 12-9Her'& nCRUMHEE  df PPHRF cBA¢ VoI Ad &%t s StAF&PIRPForfT s

set accordi ngpdRie SRAMMIEAl EQRINICLOECSH - 1i. A nethod in accordance with
claim1l, wherein the step of transmtting data through a backup

comuni cation path 34 conprises the step of: transmtting data in a radio

frequency (RF) shgnal tRERNGN roan e PRLD QndilScSOBALI catd N &ihgK. tpkb. An

apparatus for use in conmunications, conprising: nmeans for transmtting
data in an offEPéaPfsignal through a free-space optical path of a .

comuni cation |i £hding r st.rj al - C g X
means for detect i@%ﬁ%&gr acrilgt fi%%glo %Ele%ggﬁ%glgls“:!ln%rlla%ﬁglngzp%rrggég %Iga[r):e
transm tti neprddicalt hpaugh of backopmeurncahicat i lomk pakhendingespbnsegtt o a

detected degradati pf, Pfe.lde 0RLd Gl shgnal
detecting degradation of the optical signal; and
transmitting data through a backup communication path in

response to detected degradation of the optical signal.

12. A method in accordance with c¢laim 11, further
comprising the step of:

communicating control and status information in the backup
communication path concurrently with the transmission of data in

the optical signal.

13. A methed in accordance with c¢laim 12, further
comprising the step of:

using the control and status information, for switching data
transmission from the free-space optical path to the backup

communication path.

14, A method in accordance with c¢laim 12, wherein content
of the contrel and status information is set according to a

communication protocol.

15. A method in accordance with claim 11, wherein the step

of transmitting data through a backup communication path
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17. An apparatus in accordance with claim 16, further conprising: neans
for communi cating control and status information in the backup

comuni cation path concurrently with the transm ssion of data in the
optical signal. 18. An apparatus in accordance with claim 17, further
conprising: neans for using the control and status information for
swtching data transm ssion fromthe free-space optical path to the backup
conmmuni cat i otorgatikeslfhe Ateppparatus in accordance with claim 17, wherein
content of the caontrol ,and status information is set according. to a

conmuni cati on pr Jt6EETLL o9 ARtAppar &t FRATN HEHRRSYc RN tH 904 H1eugh

wherei n the agenN$akarof raRs dbihbid@aba fiHwugh a backup conmuni cation
path conprises: means for transmitting data in a radio frequency (RF)

signal through an RF path of the conmunication link. 35
16. An apparatus for use in communications, comprising:

means for transmitting data in an optical signal threough a
free—-space optical path of a communication 1link extending
through a terrestrial free-space region;

means for detecting degradation of the optical signal; and

means for transmitting data through a backup communication

path in response to detected degradation of the optical signal.

17. BAn apparatus in accordance with c¢laim 16, further
comprising:

means for communicating control and status information in
the backup communication path concurrently with the transmission

of data in the optical signal.

18. An apparatus 1in accordance with claim 17, further
comprising:

means for using the control and status information for
switching data transmission from the free-space optical path to

the backup communication path.

19. An apparatus in accordance with c¢laim 17, wherein
content of the control and status information is set according

to a communication protocol.

20. An apparatus in accordance with claim 16, wherein the
means for transmitting data through a backup communication path
comprises:

means for transmitting data in a radio frequency (RF) signal

through an RF path of the communication link.
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