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(54) Title: HYBRID WIRELESS OPTICAL AND RADIO FREQUENCY COMMUNICATION LINK

{(57) Abstract: A hybrid wireless optical and radio frequency (RF) communication link utilizes paralle] free-space optical and RF
paths for ransmitting data and control and status information. The optical link provides the primary path for the data, and the RF
link provides a concurrent or backup path for the network data, as well as a relisble and primary path for the control and status
information. When atmospheric conditions degrade the optical fink to the point at which optical data transmission fails, the hybrid
communication link switches to the RF link to maintain availability of data communications. The switch may occur attomatically,
based on an assessment of the quality of the optical signal communicated through the optical path.
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i nproved nethod and apparatus for comunicating data through a
ggvn\irrﬁggca[r})on link having both a free-space optical path and]zajug@%(aj.qloe![ical
wireless RF path. The data is transmtted over the higher calpam é tﬁe
path when favorable free-space atnospheric conditions prevail, an
data is transmtted 10 over the RF path when free-space at rmspﬂe:l ct e
condi tions have degraded the effectiveness of the optical pﬁt RFO ne
point that it is nore efficient to transmt the data over the pat h.
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at nospher e - communication but also reliabifity 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 installation of a
25  fiber optic cable as the communication path or media between cemmunication
points. A wire line link also requires the physical installation of wires or cables
as ihe communication path or media. In many situations, however, it is
impractical, uneconomical or impossible to install physigéT‘c"éble media bétwe‘en

communication points. In these situations, the wireless RF and/or free-space
30  optical links must be used.



bet ween t he communi cati on points. These particles and substances refract or
block I'ight beamto the degree that it is not reliably receitpediyatooshe
receiving communication point. At tinmes, atnmospheric conditions can so
severely 10 degrade quality of the |ight beam between the conmuni cation
points that the free-space optics can fail to work altogether or that the
communi cation rate i $TeeSRACR aptical lksdrensmitceckgit ablaser byah thidiigletress RF
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RF systems, such as microwave systems, do require an unobstructed line-of-

20  sight trans_mission path, particles and substances in the air do not cause

substantial RF signal degradation. Thus, RF communications can operate

reliably under conditions where free-spéce optical transmissions can not

operate reliably, thereby providing a greater assurance of accurate and

effective data transmission although at a 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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conditions which are adverse to optical data conmunication. The presence of
the RF path between the RF transceivers provides for highly reliable
comuni cation of the control and status information, regardl ess of whether
the data is communi cated over the optical or RF path. Thus, it is possible
to pass control and status information to better control the optical
transceivers and their optical signal transm ssions, even mggn Qgﬁ@gptical
link is not operating optinally due to deteriorated free-sp /Ut pheric
conditions. In accordance with a first aspect of the present invention,
there i seyemlydetd fall aligetterodataasommuaiition islati@maticaliy swittied & iheRFi nk
extendiq? acr ﬁs ﬂ& terrestrial free-space region between tw stations at
theuak &

ends of Raig P raveraly daten soaymgdcalion seaediMm@utientpduseddubeanitiean
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at nospheric conditions between t two stations; comunicating control and
st at us igoingditiogisi orather athaadisusperdingndatd REpmengmedticr achwing t sldhddpherigh a
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t.h bj ected t .
st at | onscoé‘gﬁl@ﬁ’ MFﬁ%r%§H3r§ﬁégp% %ﬁ%@ COMNBENIERYN. opt i cal  si gnal

cont ai ni ng t MedibaendNsf HRNRF PR beffedd trd RFAr At RNt b%vi@é@fo?rtrﬁ%r%?
information in an RF signal transmtted in the free-space RF path Detween

t he two retiakle gesmdeigatior of dae sonkohand staius inforraatiom repardigas obiwhethgnal

tr anom terstasy SORRRGaed, Ve b oefeBCaL R BB usny FiRsSsis deiPdsa: n
and t he dantrol riadi statge thivfmamieto aioties bditiot te€ shtichP frainkteivéiieandttherl
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opti cal optigabsignalArangmissiansrevesywhenthenapigal link iopet eparating aptialegugni zed

by a faitb%t?ﬁd?ﬁf%ﬁtij{é@m?é%é"aﬁgé’élﬁ-[@rihtc?%dﬁf&ws?a' signal or by the reception

of an optical sigha C een degraded to the point that it is
difficult tolnelccaldancd withrepfitst mspbet ohfher prisenbinveniiba] tiegteiis provddedt | cal
signal. Control and status information is transferred between the optical
t r anscei& énethedesf crgmenisating tdatacimanceamunieation tisk speeadingsaginss aas

failed has. ded. E ile t RE Link is t I tLi the.data, it
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bet ween tﬁ@%ﬁe@s‘)ﬁ??“”' cation points to determ ne when to reestablish the
optical pat or the

communicating the data in an optical signal transmitted through a free-
space optical path subjected to atmospheric conditions between the two stations;

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

communicating the data and control and status information in an RF
signal transmitted in the free-space RF path between the two stations when the

data is not transmitted in the optical signal through the optical path.



transm ssion of data with the optical signals can be reliably comunicat ed.
The two stations preferably alternately generate and transmt the control
and status information and send it to the other station. The control and
status information includes 3a 12 July 2004 information which indicates

t he amount by which one station should change its optical transm’tti ng
power according to the other station's assessnent of the rec Fdifﬂg}?«

t hereby nmaintaining effective optical comunication w thout <L i on of
the power levels of the two stations. According to a second aspect of the
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includes
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receiving an RF signal therebetween containing the data and control and
status information for controlling the operation of the optical and RF
transceivers. The control and status information controls the
functionality of the optical transceivers, wthout dimnishing the
capacity or bandw dth of the optical transceivers for transrcli%f}uiln (ﬁnd
receiving the data contained in the optical signal. In addition, en the
optical path fails or degrades because of atnospheric influences, the data
i s routiatbrirationr whiohi selicatedthe hemBEntt bansbiehvens siation tsheuldFchande ifsven

t hough t he. ta transferring capability of the ath is less than that
of the o?)'ﬁlcégﬁtr% 'ﬁ'r@atpé’wer?ﬁc%&amg B thea edhety Egé%ﬂﬁdéssﬁ%ﬁm?m &%str\ﬁhere
data trapgbRidQdvibroetnRiasy BhbRflailihg Gfctived offical e SoRTRENIERTMT alitRaHt-
The hybrid conmuni cati on ‘Tq%ynk recel vEs the dat gBtl% be translmgl{ited over the
optical esuaflatenmithe ppwenlaevels ofihe/tootgiations./ O) si gnal path, and the hybrid
link transfers the data it receives fromthe optical and RF paths onto the
I/ O signal path. A switch within the station at the end conmmuni cati on

links routes tmopding thel Wesend bBpeebi Bl presBlit MEntibS, ﬂHe%%éElWidé@fah in

an active node of operation and routes the data between the 1 nk and

t he 1/0 hyhrichl wiseleissi ropdicat aanity radide frequepey a{ RED. cémrunicativssiiok $brat us
signal is generated as a part 4a_12 July 2004 of the control and status
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l'ink ca : tive ransmn i t Th ptch r n t t he
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recogni z'ggugﬂﬂtpggﬁ'giggﬁgﬁtgﬁ’ ??mltbﬁ@' active to the standby node of
operation. A mofree-spaptapticaplimieporionocomprising a fies epticanvanddaiversaidthet s
scope, and the manner in which it achieves the above noted inprovenents,
can be Ti6t gialien and adaspedepticel irrpseeivenat the aesend statigadfer itianseittiog
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communi cat i on d frek-spavecRA liskrpurtioh da pdrallel astenthe opiedli Ik portion and
comprising a first RF transceiver at the first station and a second RF transceiver at
the second station for transmifting and receiving an RF signal through a free-
space RF path subjected to atmospheric conditions therebetween;

wherein the RF signal communicates control and status information for

controlling the operation of the optical and RF transceivers and is transmitted
concurrently with the optical signal when the optical signal communicates the data,
and wherein the RF signal communicates the data and control and status

information when the optical signal does not communicate the data.



15 Fig. 2 is an illustration of a data structure for a control token packet
utilized in the hybrid conmmunication |ink showmn in Fig. 1. Fig. 3 is a nore
detail ed bl ock diagram of the hybrid comrunication Iink shown in Fig. 1.
Fig. 4 is a nore detailed block diagram of a nmaster optical transceiver 20
and a slave optical transceiver of the hybrid comunication HEQﬁ%ﬁﬂRﬂm in
Fig. 3. Fig, 5is a nore detailed block diagramof a naster transceliver
interface wunit (TIU) of the hybrid conmunication link shown in Fig. 3. .
Fig. 6 is a MiehdsidichfmbhiestiordliAlAd fHeirics! AR SFNICREVRIK boHBhH ACe
unit (TIU) of the hybrid communication link shown inFig. 3. 25 Fig. 7 is a
f | owcharparafielavigothre optieal disk portier andecomprisinga firgt Rietramsoeirer adte dirstve

i i 1 SSL O ical | . of, th i cal
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fl owmchart of the ngr ocedure for switching data transm ssion from 30_the
optical iptarmatigniee qantieling He oReratiphr Pt the mptinak and oRF| framsagivarp. TheFi g.

3, a b, i i i i i )
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t ransm sgitfwutf disninishing dhiec alpacityh drobahdwidfh pett hhef optieal hivbnsdakivers for
as executed by a slave

[ i 5 12 July.2004 |i h in Fig. 3, as ,
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Wi T el esSherticdl paft! faiRop debRRNANEY AR of AHEBIEH PubhEds, e(ddig Bybrid

n
link) 20 is shown in Fig. I. The hybria ree- space
opti cal revtadifardransanissioo inothegRF( ivardosives wvieashe RFy patmEven thougbabe a

Cechnol gy ClreRERte AP, o 0% RFpHBiis 155" R et 8t B BoRETRAtS datpor o
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two 10 communi cation end-points of the hybrid Iink 20 at stations 22 and

24. The 2 faled g slegrmdest opticad eathao wi r el ess comuni cati on t echnol ogi es

é\?git : ;g! I |atn3o/| T(?’r@ p%l?rﬁhagpﬁn%mé%ﬁh%h@k el AE 58 aER 1 BeStAdnitaG%ver the
optical and RF paths from an input/output (I/O) signal path, and the hybrid link
transfers the data it receives from the optical and RF paths onto the 1/O signal path.
A switch within the station at the end communication links routes the data between
the optical link and the 1/O signal path in an active mode of operation and routes the
data between the RF link and the /O signal path in a standby mode of operation. A

transmission status signal is generated as a part
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Comuni cat Lon path 1 010 I BRI Firargm el ihe hybs8 eommuoisaionlink he
10 operation of shoendh #ig.ans 22 and 24. The RF path 28 al so serves as a

reliable * Fig. 4 is a more detailed block diagram of a master optical transceiver

20  and a slave optical transceiver of the hybrid communication link shown in Fig. 3.
Fig. 5 is a more detailed block diagram of a master transceiver interface
unit (TIU) of the hybrid communication fink shown in Fig. 3.
Fig. 6 is a more detailed block diagram of a slave fransceiver 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 contro! and status information
contained in the controt 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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T L ed power Ievels of the master and-
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maxi mum (whi ch, gr%gdégsttlr? g Fisprath 28. ‘Both the optical signal in the optical path 26 and the
20  RF signal in the RF path 28 are transmitted across a 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, respéctively, 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 optical
and RF signals is obtained from the ¥0O signal paths 32 and 34 at one station 22
or 24 and is delivered over the /10 signal paths 34 and 32 at the other station 24
or 22 after communication through the hybrid link 20. Thé /O 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 I/O signal paths may be fiber optic or wire
channels that connect the master and slave stations 22 and 24 to other wireless
stations at the same location, thereby making the hybrid link 20 a repeaterin a
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additionally transmits the data in the standby mode.

The master station 22 constantly monitors a received optical power level
of a sngnal received through the opticat path 26 from the slave station 24, and
vice versa, in both actlve and standby niodes. 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 the optical path 26. Additionally, it is
preferable that the master and slave stations 22 and 24 transmlt at the same

‘ optical power level. As part of the control and status mformatlon the master

30  and slave stations 22 and 24 share mformatron regarding the received optical

power level, the transmitted optical power level and the calculated power
. adjustment i 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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B?gr :ﬁ alblnywia:I EPHIS}‘\%'!‘WSS@ L] mﬁoﬁi@ﬂhﬁatb 2BIduring the standby mode of operation, and the

master and slave stations 22 and 24 continue to monitor 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 signal through 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 i in the status and control 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 .Flg 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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only one control packet 36 flow ng between the master and sl ave stations
22 and 24. During an initialization node, however, the master and sl ave
stations 22 and 24 preferably both generate a control packet 36, so the
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the other hg d éyes and processes the first control packet 36 from

t he master statl since the master station 22 sets the conflict

resol ver field 44 of TI"BSA'IfMpEdtowfw adib 6Itulivey erati onal
25 state. Therefgr. g Re contrgiﬁ acket 36{n90@%1fﬁ§e?i\t/\§/abr ggsglgsed back -
R0 e

and forth in tH&t R VRIS, Bk, V@)?O anddmage cemmanitatibaspstemalt i ons 22

and 24 each r e- gieesfaie itlif eoiddreg! cei t he
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or slave stati oedihfibn Zélaﬁc?édstybg Coridthy ,Cald anirtor F check field. The control and
20  status information are encapsuiated 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. However, given the smali-size of the
control packet 36 (53 bytes), its transmission wili consume an almost-
insignificant amount of the bandwidth of the RF path 28. Therefore, the control

30  packet 36 may be passed back and forth at 3 constant rate or at other
predetermined intervals.

The content fields 40 preferably comprise a control packet identification
(ID) field 42, a conflict resolver field 44, an optical failure field 46, a power

9



[ o a "failed" status or indication. On the other hand, whenever
Ilhgl drrggtfar or slave station 22 or 24 has possession of the1gQuokrapb4packet
36 and 5 can detect a proper signal in the optical path 26, then thg mas:['er
or slave station 22 or 24 sets the optical failure field 46 to an "okay
status or indication. Wen in active node and the optical failure field 46
is set to the f@ﬂl@ﬂﬂ@ltélelﬁfs‘}fi at prosvein abljuistingrit akoR6t f{dFd §0, élotéWeb@ib@&RMr@fm the

d f no operati on where the data
" Commint cat ed 1012 eifa kel e AN S0 s foni Sheke DI e inengriomac
and a control p#mé(ATMlpaacke{Qﬁlwm WistiRcdrpératedpt i cal failure field 46 set to

he
t he okay st atus, e brid link 20 switches fromthe standby node to t
active ?/mde The pow-glpg flictraeaiverdield 47 isgpreferahlien singls Hit thad pbiniits theet by

the station 5 sepgispg atn’a%lé%/%’gtétmns@%t%ﬁ@g $§to Fe%o!v@fgafcﬁ'glﬁct ngaght{rgtagé

transmtted optical 15 power |evel at the recéerving s
| ef t unchangeg Vdé@@’éfﬁmﬁ@@t%ﬁﬁ Mnderemazmaboperation, tuare wilh e walynaret copraunt

ano, ich the
Sendi ng. st at  on Prot o8 IAKE B e A Al A8 DB et e, B
transmtted opt indtglizatioremotie\reweveh tis maﬂenaﬁ@ﬁaﬁ@@@tnb?@glz aﬁH% zd?@fef'éiﬂ)?' ves
 ndi cati ng ¢ hat ConSeRe S teDlrPrhAma 55 s Pt FedRave o T tossendel and t he
recei vi ng stat i packe@mmlmmst b tesolvedp DRihg neMRAl opBRAtIoR ﬁ%ch\ﬂz? ?ﬁcfba/o
decreased, the @EﬁEI%n tatlo updates its transmtte tica wer

level accordin A § %ﬁ-ﬂa@%ﬁ%@ E@ﬁﬁ&ac&ﬂndsfoﬁbatswwi@unt
field 50. The tasmiol pa@@tmsdwmqnelboﬁﬂ.&'ré?oﬁ?%'f%t@&&&&rtgbéré’ oﬁSPé‘?Bﬁér ﬁfg

t he optical power |evel e recelve
'oBf' : ggltl Bgt h 26‘"('!5'?j ation ( ew%ow |ﬂé'@%ﬁnﬁfﬁlizﬁtlonheodmtheVerpﬂtekmtastsﬁand blave

ved ovver
frerd 520w ;?tlf‘é““‘iﬂﬁ'ﬁ‘?’%ﬁsﬁm #icfeto ool FREKAS 36 ity Pe ghAfi} SRIET oon

recei ved opPi calieldddeet losarelinitial” state uendlcatlﬁn (erp. &), hﬂ?g?g'fl'lad%f ﬁﬁhﬁzeg s,
Ll oL L1 R 0B o NG S rad e 5 P e e
| evel at whi ch thadnitialstate to thenohengtinaestatenag @bsﬂmﬁﬁe!tt&g E.Vétrl rf%%e}g’ﬁfi teldng
pover 10l d 54, untore (a8ing il Gofilinaokes 0 o s elon e e paer ancve
at 11 12 July 2¥)av stations 22 and 24 both discard any received control packet 36 that
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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 its first generated control packet to the operational
25  state. Therefore, only one control packet 36 is aﬂemards 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 po'ssession of the control packet 36 and'cannot detect a
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in order to mai Mdifating the ameunt b!aWhme ser{l?ieill'l@s\za?ﬂn |sTh§trr1url§[%§ngIﬁ? fé;ﬁélsv?n% Vtehe
?Ef i g?u agga?n4| ﬁ%'ttéf@hé%?‘a‘c Pﬁ’%g%ﬁsm@gd 8& PBWG_E KuelotTihus, wbgﬂ herregeiving
assessnent of t Istatioarecaieas thptdonkbl mker 36 ¥itsRing 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 optica] 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 receiving station preferably 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

11



12 12 July 2004 is carried in the total received power field 52 of the
recei ved control packet 36. The control packet 36 is alwaysizupdetond at the
master and slave OIs 56 and 64. The naster and slave OIs 56 and 64 update
the content fields 40 of the <control packet 36 with new control data
collected fromassessing the optical power |evel of the received optical
beam and their tWhicb 'ﬁ?f@ﬂsmmn&fae signabin the eplital ath 28:01th the btidapgaw&d

trol ket 3 o r o i ve. r. slave TIU 60 or 68 f
Cot i g Lo the oyeLatvtt wERERBRG YR keherhlirdy B SioeLin 1o Ohticsl 9ot 2t o

the data to thei and espeyrichimizathsicpticaindwer @vels dPEsni®h S RifteQn
optical data 110 bus 72 and 74, ' 10 remsd)pectively, V\hena?\ﬁ?a obr?i%&a t@am;

26 are functioni ﬂg°&ﬁf%%‘r| y wi thout undue atnospheric degradation_ of
signal stren@th and ipbeaddtdid conesrnid L& mst.er sl ave
fatdids cohc@rmdd‘thlé%ggﬁéfhﬁipgggre(%Itbg{nmﬂ%@ %.g‘ﬂt?%

TIUs' 60 and 68 al so recei-ve the contro ets f heir

respective mast efagler §ialioR 2&peperaiiy gomprisdsea sastenbpidal rassckiver(OT) 8, a
respectively. Th r : . 088 route t rol , packet
15 36 in a data @ta ?%gﬁﬁtt[)ﬁ?ﬁ%%@%g&éﬁ?vga%ggltvggm %Pé@ﬂeiﬁﬁgrgor%gei ver
58 and 66 via amasercenitddintgradeusitdCIUNBR. Skikewiss Re tstavel statidhor4  generally
transm ssion to Y ation, master and sl ave TI 60 and 68
extract the conté{)}ﬁpr!)sgg%eﬁ\{é‘%gOTﬁ“oﬁ]S%‘@ @a&%ﬂsffﬂvééﬁﬁeﬁ slave 1§ FBamdiaslave
respective ROF t€CHRhBRei vers 58 and 66. The master and slave TIUs. 60 and 68
al so seanm essly swit 20 transm ssi f the data to their respective RF
transcei vers 58 and g%leé‘ﬁ%q%%rran%gw 8&§%§t@§'9@§ GRFM@Yeate avith egchratieri on
cont ai ned in t hethrughrtiod optecelk Bearm i fheDpticapato ' i

e Doy i r e bpliodpals WAl E prob i r dhevd

optical path 26 Rr wgﬁn {her e |s an absence o com
optical path 26.tRQueBhe leresirial freerspacetagionsdfli Eus, themastesand alate G sB6/

the respest|ye ey e tPRes st Seh e M Sl et ecous .
thereby enslyi ngWRNgHnK BBe bikevine theomastenandsiaeREdtansecivertess amd 66i s case,
data through ¢ ravradicdt ahleson olifer FhE uBISiofH rupadcast i 8 KireetBo, -
thereby ensuri #§ asasathe terestrial dreerdpaoe regign B0. Thas,IherrdittermdssiaRFhe
G e P i herE e b H Vb B il i e bt ©
the hybrid link 20. The RF link portion communicates in parallel 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 s!avé CIU of the slave station 24.
The master and slave OTs 56 and 64 process and amplify the optical
beams in the optical path 26 for transmission and reception. The master and
25 - slave OTs 56 and 64 also arialyze the status and control information of the
content fields 40 of the 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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kets 36 that are received by the slave TIU 68 through its slave RIF
ltO(rfi;nscei ver 66 are routed to the connected slave OI 64 w tho@tJuggodurt her
13 12 July 2004 processing. Thus, the-master TIU 60 processes the control
packet s 36 generated at both ends of the hybrid, Iink 20. The master TIU
60 reads "the optical failure field 46 to performthe active-to-standby
switch. |f eitheifs ¢afged lfattltaé@tabrrecsilvad(poweaﬁeldtﬁﬂth:err&éwwrcaﬁtr@lf paRet@y. i cal

' t t andby node SWI t chi ng |
brocoss. 1101 o aTts PhiolHacker3dth iy yrhBledat s rRstr ot RO To b6 fadol ver
field 44 to mai nBdi Themeastamdnddlawa0ke 563hd s4m¢aaf3ﬂhe%@Ht%nvﬁ@idsEB%f é“éet
TIU 68 senses when there |§5ﬁan absence of activity along 1ts optica at a

I/0 bus 74, and COMES PASketSRvith new reriral datg @Ilegteﬁai@naasmamgme spmaj ed the

acti ve- t o- st andbyoferieverds id¥eRival 8RR bebih A e 38 b oY 08
switches the data to the ath e hybri 6m Hﬂé’r?a’«?ﬁt of
t he speci flbca'él lo??é(el‘@ﬂ Wfénl e undatmmefﬁcﬁ:ﬁtgﬁld)htgflr![rf]sem][cfnebeffrglgﬁr{oct '?ot he |
overal | hybri sale Paf&"gaf&lﬂ%g%@'{%th%gpggg}elsggq

For
accomodat e. a vari ety of conventi Q. rF syst em devi ces.
exanpl e, mlitary usefle master ambslaoeatlkis 80 and BBtreits ths Gﬁtra'téttﬁésb’rersﬁgétﬂe

A 1 ona 1y, i TErEEeh sPY A SR rEbA sois af Qpusal et U3 bee 72 m& are
able to use1BF trapeﬂmeWeMedW gl b@arﬁ@QS%P@decﬁ&Hﬁ? &@ehk%ﬁﬁﬁ ue
wavel engt hs. RF transceiver 58 rece a and/ or
contr ol packet %%‘QS?EE{'G %ﬁgfﬁgﬁmmf@lmﬁ@m endintegrity, ireadn activ@rnode.
{ranscel ver 58 Phenases ahifats e edeRslorisciholRathdBalo FARALANSERT

66 on the recei ving side detects
tLgnSéIC:elsyg:\al t o2k fErmadhsir '?ﬁBQCtthm&QF@lB@I@Tﬁﬁlandlﬁgnaih a(control iuze78laich and

P ocess becurs fo r@ﬂfé&in?el?e'?ﬁélfﬁ% %r(?\%\néngi&ls ﬁ%S%I |6-cgalioé‘ Sﬁ'zftpét?sbﬂlﬁl’%ﬁfrol

f t opposi
el S R TR R AL I o L ol

direct ions,  Lhe BB BadTT LY 80 o 62, 5k alef B vinb oo i
2). Wrel ess RF stetitcs Eheemastehand slave TIUs 60 and 68 extract the control packet 36
from the data stream arriving from their respective RF transceivers 58 and 66,
The master and slave TIUs 60 and 68 also seamlessly switch

20  transmission of the data to their respective RF transceivers 58 and 66 either
when the status and contro! 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 stave OTs 56 and 64

25  orthe respective master and slave RF transceivers 58 and 66 simultaneously,
thereby ensuring hlgh-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 68, 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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30 nore reliable than wireless optical |inks under severe weat her
conditions. Therefore, it is preferable for the RF |ink poriRiJafy 204t he
hybrid link 20 to carry the control and status information at all tines,
al t hough the optical path 26 may be wused to carry the control and status
i nformation under conditions where high 14 12 July 2004 quality optical
signal s may be cdifREeRsHHL ethushtheundstertEUBOasros@sses theobmti! 3ackdiEBg. 1) or

wh th h b ' t f ti | fajl the RF link
portion of the hyRTIEiRes AKOIH enp pLingavris Ink e dhamastariU s eeds e ni

ti f the h ical feilurs ' ' 6 405 |
portion o e hydptical fhilur fia@ 46@pdi‘ﬁ>hﬁ%é‘§cﬂv@9(of§?%£ro?? ggﬁgﬁd i@ﬂﬁé{&%bz ave

Or 64, are shown in Fi(();r. 4. The nmster and sl ave

al | -optical devi (BSIEoNRiAve Hatinns e 24 wamswé aniophiaal faihure cthb master HYtE00NI ¢
conversion. The |g4 |2 | r cprrecting cqdes, B and
possi bl y propri et armﬁ‘gé’a%g‘f’@ﬁ%%ﬁ?t?ﬁ@%kﬁ%& érl[cgg\f,sédl? 'S[ﬁg? {h[eﬂ'gagsli f%l
link portion use @halRigcesses Heameanfiind resobler field muraintimpie Bomttl pabket 36
comuni cate wi t hi; bty u(aggiuggl path 26. The master Ol 56 and the slave OT
64 are generally simlar n Structure and operation. The master Ol 56 and

the slave OT 64 conpr iTbe stavedit) E8aknssswistry thereizadr alisRn88 opadivap) agﬂ'@gts
an > a

opti cal re-anpli assessnent unit 96
p p nmp

control packet géen g%ﬁ't‘%ﬁ' %8’”%%& ' %’@é?g@?%st‘?ﬁﬁgﬁmqsﬁi TAd\Rerhagiaieeady uni t

104 and 106 Hhd stertedtthe aktive-RrsisndbyahoddSwitthg drbfess %%&E%é’@'tﬂe @g trol
i nes (not shown|)1_[ a each, of t\rheazé el enents permts the master and ave
ClUs 62 and 70 ( i%. 8 Hvitchesihg tothp REppath28. control signals 'to these

el ements. The opti cal TRah r&ﬂ;ﬁﬁ‘gﬂg%%gﬁ@rﬂﬁﬁ§6&gﬁcfagi§@%%ggwce[e'ﬁgr egi on 30

generally conprises a naster-to-slave r ransm 20
optical transnit {f@PSCRI¢EraRE and E8iineatperatadistodhe iovetalirybrit Vink 200 @huisi the 90,

d | -to- , o t |t 1 1t 110
Ind “recel ved by i i REfs M oA oBliriale ¥ uBliet Fronialiaaibor s

and the sl al® oragalableRfswetem devicsisniFoaexaropleymiltéry usbervaay ncafibratgnet | on
Phe s ezponas nTAE A M A R ol bt aasoi s
aperture 88 recethedsCE&hdAdditianally, eineiess serviveaprotitiérsamelcls paskesis lani roF E&S‘nse
optical pre-ampl bid fiie 92use’ RE tHRELSi%rs desighe ItoI é;laeergtengiﬂ%mt)tllel Ifiéegiectl RF save-
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 transceiver 58
prepares it for broadcast as an RF signal. The slave RF \t.ranéceiver 66 on thé
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) beforé sending it
25  tothe slave TIU 68. A similar process occurs for the oppositely-flowing RF
communicated data and contro! packet. '
While _data is flowing through the optical path 26 in both directions, the
RF path 28 serves 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 pértion of the hybrid link 20 to can;y the
control and status in_formation at all times, although the optical path 26 may be
used to carry the control and status information under conditions where high-
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to-master beam 114 as needed to detect a distinguishable conmrunication
signal containing the data, depending on the signal strengtH2Jaly 300der, of
the 30 sl ave-to-master beam 114. The optical pre-anplifier 92 is only
adjusted locally wthin the master OI 56 according to the optical power

| evel of the received optical power. The anplified beamis delivered on a

dat a- out path 11le6quality bpticaaighels Mawbdorimuticad) tigo to
the slave TIU 68 @-_F%q Ar‘% lg ﬁé}?ﬁ 2 July 2004 op%?%ﬁ%@e&gﬁn%c{aﬁ%@og'% S
connected to the A& Whepdag; ﬁmaﬂ@autpﬂlenbpbﬁma@orwl&ulgmln the&iFdaik ve
of the power | eveportibn bhhetydrigiihR20Bst er beam 114 or the anount of

anplification required to create the anplified beam Fromthis
information, the chanddPregstailssoamserning the opticktliek piDntleB of tre lybeblitihy 20f t he

sl ave- to-nasger 'he@mnbjlﬂemhez%f§6%nbﬁme Qé\f?pﬁi Ogﬁ’h the %ﬂ]ntéj{rghﬁgﬁglket

generator 100 and to the tra ower
assessment unit 9Bastapardrelave CH'Scﬁﬁlame masabe(élllgdﬁtl@él die'vﬁﬂé@'or ﬁfa?‘?ﬁc?)?@gg%ﬁ

algorithmin eit ranmabl e gate arra
a gonventlonal D e@tﬁéeh% %Eﬁ%ﬁl? l?SIWJ”'ﬂE{? Rﬁ‘tﬁh%ﬁi@%iﬁeﬁeﬁdﬂmwmomte

m croprocessor ( restorsiomenting déHes0akd bdsit? £ T
transmtted power, i th eei@%é‘édl?ﬂqst%ﬁ'on nF'strefFFrSH

#@ﬁat e r]l 1,104, receives
the channel asse<SfRE ORiES! ligh Parienyse apcsiaptive MSIOHBGI teﬁnrgquﬁbo dptiovally
control data1@ npmonpmmcﬂé&,thﬁﬁmggpq@al%gm feanmrqual ity signal fromthe

channel assessnent ug_lt 96 and the information.contained in the power
adj ust ment field 15 4dhemapterT F/andithe Alave O\Tct4 andj gemenatlytsiritar i btriidtated 50

(F1g. 2) of the ehrtomebalicholtimaber SRR EHPOISmHRteL UL 104

determ nes the anpunt tter
108 is to adjust rﬁ‘PP'Ychﬂﬂﬂ“‘ng ﬂ%pndsa,l ansmrgm:al preramplifiat 82 aRd 194! & cAzxthat 0 form

t he out goi ng nas ransm tted power
update unit 104 Elaglge%s(?n‘?hrﬁ}égeglg\e?@?stahé%%tl@&ﬁpf%yngeﬂﬁ@%ﬁ%%%m%ﬁn| ng the
power adj ustHent nanémdtesuamwem|updanengmt1Imatamhms dridedieeptichP@armitiitéro

| evel needs to b or ased the beam quality signa rom
t he channel asse?sgbntgsgﬁﬁg’y96c%‘ﬁ ?QMW pach of{bessselgments pemaitst he
transmtted pomeihmmaalseandlstavé(ﬂ}lUs ﬁalﬁnd% (Figb Bﬂf@éroﬁﬁe%ﬂgrogﬁggécﬁrtr ol ng to

55T hunt -+ REHBIE A il s s a5 biah vdsaoaiolTspens
opti cal ' region 30 generally comprises a master-to-siave 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 6ptical transmitter 110 and
received by the optical receiver aperture 88.
Since the master OT 56 and the stave OT 64 are generally similar; 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 recsives the slave-to-master beam 114 and sends it
to the optical pre-amptifier 92. The optical pre-afnpliﬁer 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 according 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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transmtter 108 may not permt continuous power adjustnent, so the power
adj ustnment nmay be performed by small step increnents. The tranisyiioogd power
update unit 104 inplenments a conventional digital signal processor (DSP)
algorithmin either a conventional field progranmable gate array (FPGA) or
a 30 conventional DSP operating in conbination with the conventi onal

m croprocessor ( r%‘t‘cadt%%mﬂ)npbmﬂ%)llslclongeatmmmetchant@f dsbesshiuht ORl 9636

t tt 108 t th dat th
120 rom the msFis i ooibeg ELRERE BpdBhielev! rﬁh%akgﬂei@&asﬁ%rh%@bn111%agm y
2004 the slave Tihe %o(lrﬁtlcgan‘fp)l)lcat'ﬂrn&ed.ate%ﬂ@ldz?eéléttﬁb Bl d e ﬁ path
120 generally fo & hBst er

m"?ﬁge o] % data |/ O bus 72 connecting to 't

TIU 60 (o the SEoealionaliechaneskassessmant i 86 determinasbe siiality of g ssle-
The control phckes-nEeiebaber11 fro
the channel assesspent unit Q@H%\%@%gﬁsaﬁ%ﬁ%%@&% %ﬁieﬁgenera
transmitted powdPO@pdae. g'QJFﬁ"lsmLtbeﬂ pewergedateayris104. NEha oimdrinel agekabni36

nd suppi i s 1t ont s0 inpRERts SERRIANEa el HERb rotesoE Bk aiowbm nput
path 118 and theeéhﬁft&@ﬂnvaahmalﬁaldmlbgraﬂlrﬂablélgal@eﬂfyé(FPBR)%ﬁ'@doh?%rﬂﬁ,ﬂgf0I
bus 76 (or the c ontro acket generator

i mpl emaElt s a con\e/,?rﬁl Onaﬁ‘lsgdﬁg:la%magwa% ap?%@@@?ﬂal MigsapjocasRs netsown)
ei ther a corifent cmtedlllrfgtbbdnastergb'amabl e gate array (FPG) or a

conventi onal DSP operatin c$nbi nation wth the conventional
m croprocessor (not s ?“ fe BPW?H&@FR&U%@@FW@W%E&M baarequalily signal

weat her condi ti ofrsm tﬁ@bhmﬁbﬁbssﬁiehh@ﬁtéé@ &'Fh% ag g0’ 64
may det ect degradatt{?iaﬁof t he opti cal : T péé@)( |‘é‘§aﬁzﬂ

while transmttiSR) 1 input natly A 18+ B@iﬂ @hthetbmqualtty angnplcfmn the ushdnlnels
the mmeter t??“‘f??@@"“ e et W28 S beretn ™
cont r ol paclggr %g (igi 3). angin thae power gdiustroent amaunt fiekingd (fﬂi@rmtcﬁ te\¢ong@nt r ol
e o S Ay A e
the slave OT 64 RYE!, € Bay.dywhich tHeodpticaktrdriselitiert®8 ik to hhjasf &riincBMingSt at us
T (he' S ave iAo S o BT e P o S i 7
112. Thus, when the transmitted power update unit 104 (Fig. 4) receives the
20 control packet 36 containing the power adjustment field 48 indicating that the
transmitted optical power leve! needs to be increased or decreased and the
beam quality sugnal from the channel assessment unit 96 provides a concurring
assessment, then the transmltted 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 bT 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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r TIU 60 processes the control packet 36 fromeither the master or
;‘geslrr:\s;:aestation tg switch the data communication to the RF1RiJolyJ008tion of
the hybrid link 20, thereby establishing the standby node of operation,
when an optical link failure or degradation is detected. The slave OT 64
then stops receiving data fromthe optical path 26, so the slave TIU 68

bsertbe slave TOEBYFIg 40 Tresdpblesdthdabant/ie RS iibaanfoeW t ches
Che da thg : fle RFE |i 308\/(or%{j42ﬂ of the h %éi d I'ink 20, E&hejjegg acfso
the data to the @?9"”}&8%‘5

establ i shi ng t heS¥EH opjfcal da sk busn2 rennestinte thelmasterkEt) 6BE(ot Fi g.
2) Lhat or i i naties opllcd BRidS'1RE 1 Gt Eo od U5uATTRY B L1 ansoetver 58

' 66
nds t he .control acket 36 to the slave ' 04 tlranscel ver ,
j\ﬁi ch conveys the Eoﬁ'ﬂﬁﬁ(ﬂonbabmkeB@nabatohm&tmweﬂﬁé b&art lguglity Signal fféa

. : h
Standoy. mode” v it S3 0 Seanerab ot REEa B iRl s agmtedransiiea
proc esgi ng. Werpoclmalpﬂhta\nmittWMédmtEE_tt%dhtraﬁpadH&?SQYﬁbj ) "!'*H%'%]o%ﬂ'ol
continues 5 comupicating control anﬁ status infornation betveen the
nmaster station Eﬁ% ettg?é’eéﬁ'qa‘bgai?@?feéﬁ & Canif pagiat B ANdupRlies $en(amog:riog)-
1720 10wt backo 1 the. act Le mode Mien et ar Sl s o

! h{lfoignéﬁt F T oRURLE Pel) 1 geTasaly tors ihe qerérakhus @6 (erttie coavel bUSTBH6Thed 64
moni tor t het@er hifBNsakef gdrdfatbf 108 ihdighe AR dearlefiorl HRB! itk hagsehanoe
a synchroni zation bitstreamat frequencies sim .
opti cal | y -t r ans{@PP} Algogthmingithes atasaventional field pmgramimableogma atrag (RPFGAR

28. Th nchr ony ' ' ' by., the nmaster and sl ave
Cre. 58 ara SR e Y TR
68. The synchr omiereprasesson(aot shown)icentabliing theanksier OTEEL5 initializa |§)2d
align the master andgk comuni ca

t herebetween. It is pre e%ggféewgﬁtg‘%fmgﬂgﬁ%ﬁg %F%éﬂqg@?g&%r{tﬁ%mﬁéf _SlﬁVF
transcei veri®g QUF5@or 84 nelywistect diebiadation ofBE o‘ptiﬂél'si’g’da‘t’froﬁ’lggélé'gﬂ@eﬂ rp?fh"‘l ;ﬁ g
to the slave OTr,g84 .(Fi.d. .and the slave RF transceiver gmlg. ,
vice versa. Fur ?ﬁmrt’%,"s%ﬁmgﬂs'%“ﬁmr}?@t PrRlcpbensmitingnawes. Imiisst andby
modes occurs seasittiation| if tenmaster 01088 detdafsand B8tical beam degradation, then the
- master OT 56 sets the optical failure field 46 (Fig. 2) within the control packet
36 (Fig. 2) to the “failed” status and submits the contral packet 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 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 master TIU 60 processes the control packet 36 from either the master or
25  slave station to switch the data communication to the RF link portion of the -
hybrid link 20, thereby establishing the standby mode of operation, when an
optical link failure or degradation is 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 /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 control packet 38 (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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| operating conditions and normal weat her conditions, the
#ggf(rarng:]gay a\F/)e T USQGO and 68 route the data to and from tiReJuryezgoar and
slave OIs 56 and 64 (Fig. 3), respectively. During initialization, however,
the 25 master and slave OTs 56 and 64 transnmit the synchronization t
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EStegcr: ha{] g ja\lj 2‘?'?%”{%@ tign t%'mthe n'@sgsamad slayed) Ts§B ahd 64 defdre tae agtads Ng t o

' lternative techni que
the reception efdol 64 or 56. In an a
t o updat ept he t?g@nﬁnﬁag 0 tlcgfeeggwer of the optical transmtters 108

and 110 (Fig. 4), thbiswrefasablethalithe macier ©F° 86 atdHeHingster RF trbé?ﬁaéﬁér 58S
transmtting poysp, W@Qy@&glwepﬂoﬁgl'esuﬂﬁérlly? a syprr?n\"\{g{rlcaﬁy.?o the slave OT 64 (Fig.

3) and the slave RF transceiver 66 (Flg 3), and vice versa. Furthermore, all
20  switching between the active and standby modes occurs seamiessly and without
data loss.

Under normal operating conditions and normal weather conditions, the
master and slave TIUs 60 and 68 route the data to and from the master and
slave OTs 56 and 64 (Fig. 3), respectively. During initialization, however, the

25  master and slave OTs 56 and 64 transmit the synchronization bitstream using
maximum optical power, Afterwards, depending on the amount of received
optical power at each station 22 and 24, the master and slave OTs 56 and 64
adjust the transmitted optical power level of their optical transmitters 108 and
110 (Fig. 4), respectively, in order not to saturate the receiving optical pre-

30 amplifiers 94 and 92, respectively. The master and slave st 56 and 64 will

. both pe operating using the same opticalpoWer leve! due to the symmetrical

power control properties of the optical link portion of the hybrid fink 20,
described above.
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th sol ver f el d 4 set to opera I ona
gﬁlcgeéogisstate uéa‘?’ﬁﬁ:* g%%?’é%’ ‘é*’f‘f&?“@ %Q/B"Wsie‘!%aﬁﬁﬁf%&lvmgsprwf?:?%dzinZEt o
Lo oL U Cnnis e gl SERIMTIELY U0,
:)ggkelt msgl ?lec eiss/gdufS FB#H@ t 28 peovidss %mllaMVehaemrSYn&#gn??mg%hie erasntu;; Cor
OT 155, oince t he eeter oy oy eadBa (), SudPhel Saoriti Ssl? ss gpver whie  d. a4
e
?(1)- ? ﬁe Slaggreat i ?Péarﬂ’as e&waltfuf@r ltﬁ turni én ttmmsmhcqabkatasteréﬁdlsta\@r@fé 56 ahi94

e does not r eoupat e s HenSRRBWIEIE Ly WBSaiitoldsne conirekaasket he
lzlef ined tine frahus, theconteo! Ip;abkettse{juegko gﬁdﬁﬁh'?‘gﬁwﬂ"‘g% Ju tnfg ty apéglﬁl ed
contrel 5 g et L lRiF Rl BB s o
qual ity of 16he eath tﬂeadjmasrltmnsmléwwm%\g&g%\ael ggﬁéhréribubg%p Cords orrpu t ers.
(rjrgzg:nlsbg(rj omgr F%E%%@én %p t”\?%gﬁb SEQT849" ¥hd noni toring 15 devices, which
supply the control sln@lnledlt%rﬁame wur@redmggﬁ |qu€t§3h§Lraﬁ%}§¢1@ éﬁ]‘é%l POWET nﬁ%ﬁy
fher ef or e, . the § tucg.!,@.[a e O ST s 4ot mpaster dr Siave Q2056 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 58
or 64 may be in the process of adjusting its transmitted power sn the opposite
direction. Thus, the hybrid link 20 (Fig. 1) may fall into osclllatlon modes
25  wherein the master and slave OTs 56 and 64 keep adjusting their transmitted
power levels back and forth. This situation reduces the effi mancy of the hybrid
link 20, and Is therefore not preferred.
In |n1ttahzat|on as described above, the master and slave OTs 56 and 64
each generate control packets 36, and each OT initially sets the conflict
30 resolver field 68 to the “initial” status. Each OT sends the control packet 36 for
routing to the other station, respectively. Durmg‘ 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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[ for external control, the master and slave CPUs 62 and 70
gg%ggrfﬂe master and slave TIUs 60 and 68, the naster and 1glJawe200%s 56t
and 64 and 20 the master and slave RF transceivers 58 and 66 (Fig. 3) ,60 o]
noni tor and control the hybrid |ink 20. Additionally, the master TI Uh (
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degradati on due th8 coatlistesoluar firkd 44 & thet “operationdltstatusdn dis ebiithe paskett he

: i to e active node happens
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. . ) . i CaT St
July 2004 commu . . tical signal through the optica
Thug, t he nastephgg‘tre]tiﬁ]%g@gﬁ 62 and 70 play the role of a renpte

control intface uniheltybtid ioauango dvpdied & st bshiish b 1if0aRd 68

the master and slave OIs 56  and 64 and the master and sl
transcei vers 58 Sg noqen\Af RpetRleR by extarpalyappliedcantral signalss Bswell @by 70

provi des i ndepeniderésuatirtetnaly adibinglike ﬂ@&ﬁioﬂ{rwe%ﬁﬂc@%{gﬁwm@% {Jgtpqa- ﬁf(hz(),
that are useful tg support a nodul ar ~inplenehtation 6 ! .
wherein each st i tgg maRgeplust dessrbedit Ebie mmmﬁadﬁm@us?@w?ﬂgy '6'2”k
and 70 (Fig 3 e CompLel S e ond G vk cPriein emoring
cont 1 gur e,hghsaib nCEHBMIFD AR theresniabsignalafat sliaing GRS oropstafien (Fi o
st or and!or ot Ut G0 e 6 e o B bt o borieliet  co
anpl i fier and pifotgiRilecabor & carabte sgist_etmeornmﬂgf; alrvgbg ISRYricAlk 28 an
(Fig. 4) and thggy, rQ@?dr%ﬁ{eﬁ@JI BoRIMBY e st and Siave il oFand )70 command
respectively, deperfdl ng on
the master and slave TIUs 60 and €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 controi packet 36, which is accessible by the master CIU 62,
Thus, the master and siave ClUs 62 and 70 command the master and slave
TIUs 60 and 68, respectively, to parform 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 failure of
either of the master or slave OT 56 or 64. The switch back to the active mode
happens automatically when the atmospheric conditions in the free-space
region 30 recovers sufficiently to provide reliability and effectiveness in
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(5 e8! e, HBAEOBPeRlogBI6E sk Shosaanabronal dat o w th
respect to which the Inanbthet apaflifle ih@iéﬁéﬁtéﬁ%f?WR? aﬂ?.?g]rﬂsw c%rleyxaeaqa sthee
the data is Sentm&é&er%cﬁntly Brthe data carneé by?he optical path 26. In other words, both

the optical path 26 and the RF path 28 are fully utilized simultaneously for the

20  communication of data. In this case, the hybrid link 20 may be installed without
the presence of either the master or the slave TIU 60 or 68 (Fig. 3). In this
case, the master and slave OTs 56 and 64 (Fig. 3) operate independently of the
master and slave RF transcsivers 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 rembtely control the master TIU 60. The I/0

30  signal path 32 generally connects to the switch 124 through the buffer 128 to
send and receive the data. Under the normal active maode of operation, the
switch 124 routes the data through the optical data /O bus 72 to the master OT
56 (Fig. 3). The switch 1 24 is connected to the multiplexer 125 and the de-
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Lo the " oper at | dRaF RAASRIFio-8) carips inedataghamasonaitévs s mhd 68

m croprocessor b&?rabﬂﬁ&%n&aepa%ﬁ&ys's%nﬁ fid nxgmmg ' gata strltjag(r:n ger}oree routing
the data to the I/O signat path 32 or 34, respectively. The master TIU 60
20  processes the control packet 36 and routes it to the master OT 56; whereas, the
slave TIU 68 routes the control packet {o the slave OT 64 without any further
_processing.
The céntro! 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 QT 56 (Fig. 3). The control
packet received from the master OT 56 is passed to the microprocessor 127
and the multiplexer 125, The multiplexer 125 multiplexes the control packet with
the data received from the switch 124, if necessary, and passes the control
packet to the master RF transceiver 58 (Fig. 3) for transmission to the slave
30  station 24 (Fig. 1). The control packet received from the slave station 24
through the master RF transceiver 58 is de-multiplexed with respect to the data,
if necessary, by the de-multiplexer 126 and passed through the control bus 76
to the microprocessor 127 and the master OT 56. The microprocessor 127
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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 IO signat path
32 and buffer 128 to the optical data I/0 bus 72.

25 More details concerning the slave TIU 68 are shown in Fig. 6. The slave
TIU 68 generally compri'ses a switch 131, a muitiplexer 132, a de-multiplexer
133anda buffer 134, which are each similar in function to the switch 124,
multiplexer 125, de-multiplexer 126 and buffer 128 shown in Fig. 5. The
function of the slave TIU 68 is similar to the function of the master TIU 60 (Fig.

30 5). However, although the slave TIU 68 may include a microprocessor (not
shown), it does not process the control packet 36 as does the master TIU 60 .
(see Fig. 5). Therefore, the function of determining whether to switch the hybrid
link 20 into the active or standby mode is performed entirely in the master TIU
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used to store data unti ere
data through the appropriate opticat or RF path.

20 The control bus 78 is connected to the multiplexer 132 and the de-
multiplexer 133, so that the control packet may pass between each of these
elements and the slave OT 64 {Fig. 3). The control packet received from the
slave OT 56 is passed to the multiplexer 132. The muitiplexer 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
transmnss:on to the master station 22 (Fig. 1): The control packet received from
the master station 22 through the stave RF transceiver 66 i is de-multiplexed from
the data, if necessary, by the de-multiplexer 133 and passed through the control
bus 78 to the slave OT 64. The control packet is preferably not processed in

30 any manner within the slave TiU 68, but is merely passed through between the
RF data /O 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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terf rotocol s
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LBES?L?“EL%@e?Té%?fW"" e"mﬁé"‘c?“‘gt%‘%“@?&” 9% e LBl ayeore
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I senbl e the
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Ho-
cont r ol packet 36 g , ?t?\cgtrol
procedure oper 28§ Yﬁ"OSStSWIfQWGQ Pmassduandaslemycﬂmywe@dmmhﬁlcbm ac

dj usts th
ot el "t r aanetRrRe e Balharkhdfon o eR i R SH TS, Thb e o e e
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%0 (Fio. 2) of TheetBpRER st Bhleties s Bieb fisndzasanive wohiowsd packer 36 5
acrossgt he terﬁm'htlabsémmfacpa.ce regl on 30. In the standby node, the

i i nt ai ns nmaxi mum power transm ssion and
ggggt In\c/)te power Conﬁtreosl‘.iavpe ?ﬁF gé' mc!udes the buffer 134 to dyna!tomtcally store and

down-convert 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-to-standby switching process due to a delay between end-to-end
25 switchin:g. 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 master and slave OTs 56 and 64 .
30 (Fig. 2), respectively, to assess the received optical power level, adjust the
transmitted optical power fevel and assemble the control packet 36 (Fig. 2), is
- shown in Fig. 7. The adaptive power control'procedure operates in both the
active and standby modes. In the active mode, the adaptive power contro!
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up, down or not (Rig. 2)indiestestivatrige receied contrdrpaiet S 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 control packet. If the determination at step 148 is
negative, i.e. the controf packet was not generated in the initialization stage,
then the local parametefs (e.g. local total received power based on the beam
25  quality signal from the channel assessment unit 96 or 98 (Fig. 4), and the local
total transmitted power based on t‘he setting of the transmitted power update
unit 104 or 106 (Fig. 4)) that will be used to update the control packet, are
retrieved at step 150.
At step 152, it is determined whether the optical failure field 46 (Fig. 2)
30  indicates that the 0pt|cal fink portion of the hybrid link 20 is properly operating,
' thereby exhibiting an "okay status. If so, then at step 154, it is determined
whether failure of the optical link portion of the hybrid link 20 is indicated locally, .
which may happen in this situation if the optical link portion of the hybrid link 20
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adj ustiment 55 posimum 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 pawer is above the
maximum threshold. If the power adjustment field 48 is set to indicate the
25  ‘increase” or “decrease” status, then the power adjustment amount field 50 is
set to the amount by which the optical power level for the opposite station 22 or
24 is to be changed, depending on the values of the local total received power
and the local total transmitted power. The total received power field 52 and the
total transmitted power field 54 are loaded with the values of the local total
30  received power and the local total transmutted 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 contro!l packet is updated at step 152, the conflict resolver field 44 (Fig. 2)
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control packet at step 166, the procedure ends at step 161,

If the determination at step 164 is negative, indicating that the local
optical link portion is operating properly, then the optical path 26 is assumed to
have recovered and the control packet is updated accordingly at step 168.
25  When updating the control packet at step 168, the confiict resolver field 44 {Fig.

2) remains unchanged Depending on whether the local total received power is

below a minimum threshold and the local tota! transmitted power is already set

to its maximum, the optical failure field 46 (Fig. 2) is set to the “failed” status.

Otherwise, the optical failure field 46 is set to the “okay” status. The power

30  adjustment field 48 (Fig. 2) is set to indicate “unchanged” if the local total

received power is between the minimum threshold and a maximum threshold.

The power adjustment field 48 is set to indicate “increase” if the local total

received power is below the minimum threshold and the local total fransmitted
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step 178. If t thdeﬁmdr?JgE:?IQertfrgQFﬁat 48498 G%?soﬁ%tag ellGhte Vs sakars statoe. ey C
lt l)nls( V\AZ'? c Ihst (hgr %é g‘hgfoﬁ??m 74 rlbléémﬁfmsnmtaer the epbrd fink 28 is currently
20  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 - If the determination at step 173 is negative, i.e. the optical failure field 46
(Fig. 2) in the control packet indicates the "failed” status, then at step 180, it is
determined whether the hybrid link 20 (Fig. 2) is currently in the active mode. If
50, the command is issued to switch from the active mode to the standby mode
at step 182, and the procedure thereafter ends at step 178. If the determination
30  atstep 180 is negative, i.e. the hybrid link 20 is cur"rently' 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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' t is determ ned whet her
. The procedure starts at step 184.' At step 186, i
3ata isp5 present on the optical data I/O bus 74. If so, then at step 188,

it is determned whétprecedine finthe sthve Ml 6860 b@it@iﬂﬁétﬁ%&hm% gctpg,ean%t andby

i tch 1 switches from stant 0 active node
g? dgi ellof 138’ ngﬂ?ﬁ%’? T%S&%&Qéﬁ%é\ﬂmh b3t (Fig 6) eatamaticatihdetetngthe i ndi g?t es
Step 102, 11 the et or et oeb! Gaa VERERTA Blg oile SHOAF I0FR, e Thgtr o
natio . i .
ik 20 15 cur r GRPIATRSEHE ahplepig4ad it 680t is etomminad whclr delasw | Ch

t 9. If the determnation at step
186 15 negartve ot of 0 @A ey TREPT4 Fspuben ahsiepabeiinaeipned 74

(Fig. 4), then athethasphabybrid linkiZ0 ideumentyindhavbieiniBy mole *wyéb’ikr%f'ghak, 20 is

' ' ' AT , the switch 13 Swi t ches
From act ] ve: moad"ien 134 o Rtatt sfndbi ose & seliedneds etalenisBeskmeanse
optical data on thépresptcecef opﬁ@él&ﬁté eh l?rﬁlé@ 'E?ug m%?%é Q‘ﬁ('ﬁ g%a&%%é@@%gwnf
the ot or mi nat PBRe oThesear: Tha prasadurowadsial siopr192. lecitémeeh as
ond' the. brocedurer B0 ansdRNEEL o R Ry bRl AN BRAY i Mo rthug Modg than
ends 92. : : _
ZSSa;P :ggr 81(‘: eh:JEﬂe?f% Feineashieusitshthe mode harslth provedars badd af ste192r ti on,

o ormat i on, ag wel | me ek EENCr b B 8 1eBa0YG h oo i€ Pl ragantondnee
e port P o opial ASIBHIQIDLS 74 (Fighe), tnaratatdr 194, R bemAmired ARAFBHThE 2t | ON
sortion to the T RE20R¥eLRhEoetani b s aPivedaode.cBeminbenticoas
Erg{ tn't g,“nteg 15| te hwigmeatfrogi a_ammem%odu to.stariiby i deadtisté s Ygé}fbécﬁbiiénidh%s dgtlaﬁés’e ggt a
between the ozt orteaidbh i afidel uxE b pciatasated commepication N
b ibaeps paty e O RAREIC I SLpS i O
333 i r2r3| “dse of %g,t @B&f%ﬁﬁ Sf%lg‘gi?rfﬁgaﬁve. ievie hubedd link 20dp tumentiyiin the
portion is failsandyandde thegherd RtiéSndddl t8'sWakh B1d mode, and the procedure
26 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
controf 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 still shared between the master and slave
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regarding the optical link portion is still shared between the master and
slave 30 12 July 2004 stations 22 and 24. Many ot her advant agesilyaaud4

i nprovenents will be apparent to those having skill in the art, after

gai ning a conpl ete understandi ng and conprehension of the present

i nventi on. Presqﬁét fﬁégf%%égd enbodi ments of the invention and its
i nprovenents 5 '%7 et cMepyathar edvantages and infiprpeerhénts walf bé \agpa?ﬁhﬁ
descri ption has thagss e e l.e. It should be

p e Py i Mt B G40 AR wbbrfan ngenc

understood that the scope of the preésent
fol | owi ng cl ai meCOTBRIBNN of thepresent investtmssarily |inmted by the detail ed

description of the pn inent.. et_forth above. 31 12 July 2004
Caims 1. A nethod ﬁéﬁﬁﬁ%ﬁﬁggﬁlﬁ& HQF‘%F’]??]%‘E‘%%’WPB@M&S impravements

ext endi ng ac? osavetheenaescritad Witres depReDfHRE t i.ons at
t he s g p%aggﬁﬁﬁﬁi@@??ﬁéﬁﬁﬁ@hggpieﬁn an

ends of the |i C risin teps of .
optical signal | t r%%esﬁxnﬁ?ga* 'P'%f%[f’(j’ne"@“?m%el@b@@'d begyrdecsibogtizh treudjopetoed t o

at nospheri c condh¢ prssenbiaiaveim it ke bR i cating control and
stat us infornationpin a radio frgqﬂgﬁggﬁyggkmgﬁgﬂgﬁﬁﬁggﬁ@ﬁgFngmﬁ ough a
free-space RF pAReSRispEYigtedbydhasietsiled idescriptiodicf irensrehatatPsibsdiBehO
stations concur isefforth adol/® the transm ssion of the optical signal '
containing the data; and conmuni cating the data and control and status
information in an RF signal transnitted in the free-space RF path between
the two stations when the data is not transmtted in the optical signal
through the optical path. 2. A nethod as defined in claim1 further
conprising the step of: conmunicating the RF signal containing the.contro
and status information between the stations continuously. 3. A nethod as
defined in claim| further conprising the steps of. selecting one of either
the optical path or the RF path for communicating the data based on the
control and status information; and
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comuni cating the data in the selected path. 4. A nethod as defined in
claim1 further conprising the steps of. sensing a characteristic of the
optical signal received fromthe optical path; selecting one of either the
optical path or the RF path for conmmunicating the data based EB h ?
sensed characteristic of the optical signal; and connunicatin& 289%a in
t he sel path. 5. A nmet hod as defined in claim4 further conprising the

ThePe ot tear SR mBtIc] | e cOniBaRicsind c8l | R | 3 ORImARITRAGRE " IR

t he optlcal path as the characteris forsel ectlng

comuni eatémdinghgcrdabaal térﬁé@@nﬂ':frééislﬁ)a'ézéo Og@ﬁsbé‘ﬁ?ve%rf AvbUERtibAS’ SE/INYS t he
optical signal. 32 12 July 2004 7. Met hod as defined in claim6 further

conpri sm’f@he hEks{ICprrlsmg thest&pw a fal lure to receive the optical signal

conmmuni cated in the og | ath as the characiterlstlc for selecting the
path; and confRERIRERIC @" datainian pRlicaks fransenitted Hyrghaa fregtsiheset o

5 recei t l.m 6. further

corpr 1 siayerrRati upieapt Emosantie BoiiaHonS pERhaRT the Rug siiulind, oral

conmuni cat ed bBrrfrﬁ@chﬁﬁ%; ntRAtdh A staie ﬁ\'?@}ﬁ?éikﬁf iptd ?a&i%r fre§ h@ﬁ&

path and communi cating The data in the RF path upon the power e the
', optsigral  $iagsaiitted nthrought ed fiee- s;baC@pRch:baththbI@Jtéd N lmhmmnenc

predeterm ned threshol d |l evel. 9. A nethod as defined in claim8 wherein.

the st epopditansdatyeendnpdwerstations cereiysenty with dne s@nsoussion ef e optieala
1" R e 12 0 T e o R
op e Sacy IR ehth SR 0g0 001 SREUR AR EYEbn e iy
t r ansni titsgbmitiedin ey freealpackaR B piatls betweam the beod Bmtwns-\ﬁlb@hﬂth@dﬁfa(iswm
threshold level. 20 10. A nethod as defined in claim®6 further conprising
t he st eél’@f@nﬂ!tted in the optical signal through the optical path.
2. A method as defined in claim 1 further comprising the step of:
communicating the RF signal containing the control and status information
between the stations continuously.
3. A method as defined in claim 1 further comprising the steps of:
selecting one of either the optical path or the RF path for communicating the
data based on the control and status information; and
communicating the data in the selected path.
4. A method as defined in claim 1 further comprising the steps of:
sensing a characteristic of the optical signal received from the optical path;
selecting one of either the optical path or the RF path for communicating the
data based upon the sensed characteristic of the optical signal; and
communicating the data in the selected path.
5. A method as defined in claim 4 further comprising the steps of:
sensing a failure fo receive the optical signal communicated in the optical
path as the characteristic for selecting the path; and
communicating the data in the RF path upon sensing a failure to receive the
optical signal.
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sensing a transm ssive capability the optical signal cormynl cated in the

optical path as the characteristic for selecting the path; aaduly2004 f
comuni cating the data in the RIF path upon the transm ssive capability o
the optical signal conmmunicated in the optical path .f ailing belowa 25 "
transm ssive capability of the RIF signal- communi cated in the R F path. .

A nethod as defined in ' fdE Sl the.stop of transmtting
a rs@ncﬁr oni zat i onqut i (I::\a Qfshlgg%gldéfth%&gﬁgﬁﬁék%%?(?grln?”ﬁag ﬁ‘%ﬁppﬁo ‘he data
i s communi cated in thesengingatéiurd B rebeivetthe dptical difhbn@inthinieaRdH M the

IS f... .3 i cat control and status
it or nat 1 on” i sae A e Tf Be Bhterioufon SHPRIA BReth cior 1t ed i n the RI F
path; including informebmamnizkting BHeadas irftheRE Badfy R%eﬁ?ﬁg'r?f’f%g%rg

'q

. . . . 3 12
synchronization signal [n the control and status infornati

Jﬁl y 200 'swr{gﬁﬂ?’?\g‘ﬁ?fg":@bﬂﬁﬂﬂi cation of data fromthe RF path to the

| Ci h b hRetl h O re P teristic of the
Fecei ved eynchron zati o aroner e mRlnEARTS Ree: Lo I dhadth
information. 13. A net B&RFIRgGa gewveniedelof the aphqaﬁ?rgnaltc:mmwgcatls\g?nm?h;he
: | ' : nf ormati.on be
Lo ont 5 AR I, SORLBlAG: 2815 SR

stations nal” transmt Hncl udi ng i nfor _mat I on
of the sensed charact ecdrsmucicating the dataninrthe Rrapsthipah e pbWéae@ o iy  and

| ' h N Lon of the data.fromaone path to the other 10 path
SRS ) L R IR AT NI
stat us i nfor Neresbold ldvel. A net hod as defined in clai m 1 further conprising
the step of adjusting,the opti %l power | evel at _vvhl_ch the optical signal
is transmtted tﬁ‘r oudh"feﬁléo‘gﬁa ﬁ'ledﬁﬁtc}?"ﬁﬁ‘fémf_ﬁlrstatlons to maintain a |
received 15 optical mewssp srenbinghdbivar EGEUeNELs QPEIAdORAe AdOW
between a 20 predetermnm ned maxi num|evel and a predeterm ne ) evel .
15. A net hod 359 adeanshuited powerdeval of therqntical sigmal cosimunicated intthe opfical

15 path as a combiried characteristic for selecting the path; and
| the data is communicated in the RF path upon the received power
~ level of the optical signal falling below the predetermined threshotd level and
| the transmitted power level of the optica! signal being at about a maximum
threshold level, ' .
20 10. A method as defined in claim 6 further comprising the steps of:
sensing a transmissive capability the optical signal communicated
in the optical paih as the characteristic for selecting the path; and
communicating the data in the RF path upon the transmissive
capability of the optical signal communicated in the optical path falling below a
25  transmissive capability of the RF signal communicated in the RF path.
11. A method as defined in claim 6 further comprising the step of:
transmitting a synchronization optical sig'nal through the optical
path while the data is communicated in the RF path. _ '
12. A method as defined in claim 11 further comprising the steps of:
30 communicating control and status information between the stations -
as a RF signal transmitted in the RF path;
including information of a characteristic of the received
synchronization signal in the control and status information; and

33



' ing the optical power level at which the optical signal is
??gﬁzait?ed thrgugh thg optical path by both stations to apmmqmungkm{z t he
same level. 16. A nethod as defined in claim15 further conpr|5|ﬂg e
steps of. comunicating control and status information between the i cal
stations as an RF signal transmtted in the RF path; transmtting optic

' QR ' .n t 5 control and status .
oformation 1 anom t t e honeané BBk alih bl Geta a5 S padito e ng ne
sane optical pplwst pathvidsetion themfom’iaitioaldescm?ﬂﬁé tf}d@ﬁ%@éﬁﬁ%{%&;&ﬁﬂoﬁach 0

‘ [ ' r leve
nformat s on. SRR R ntafert Pond dno o the sentral M atetos informstiog. ¢ he
steps of, 30 genef®ti rmmeh@dpasméfmbdﬁngaﬁ etfﬁﬁué(;;a[gg{#)ﬁg{ng‘%ﬁe gfeptgp?- one

[ ransmtting the optical signal to the | t1 ol _
;Stnglt :ngnngjﬂ"t adj ust rrentgi r?PBWP#HI'CFaé‘ﬁgiCﬁnﬁ'W@nécﬂﬁatuellnfamtwpdiehseen mbcstatﬁl]15024 "
whi ch i ndi cat 88 a®F & éﬂFar@ﬁwit .iﬁzhéhgg%wer station is to adjust a e 3 .
July 2004 18. A matfqu as defined In ai'm 1 further conprising the step
of : sel ecting one of eiltdding nforowtion af theatensed ch@@r@ﬁsﬁ?hhhé%gtlr?led ‘o the
i catin an external contro actor sup _
g?ﬂghs; angaia;%%%ﬁh%{lﬁﬁgﬁgﬁgadata in the selected path. 19. A hybrid

wirel ess optical and r aditchifig dsusmewuriEdton @Qﬂg?gtél:agﬁin"i Bﬁﬁghﬁﬁrcslﬁé other cond

[ [ firgt and second ati _ _
ot ati onalr ccdril RESRhaN G6 FSRsP A eieHieT e WOTTHIBNdMFludasodhe conttal emtl anc
second i nput /siatuputfofrhdtidn. si gnal paths, conprising: a f-ree-spface optica
| ink portion conpr,i,sing a I?i rst ogél cal transceiver at the first station
and a second opti ¢4 t%a{ﬂ%t g fé dedned inclajmcbivither aemprisifigthet stepsfri t t i ng

i : e - i cal. path subjected

T atmospheri o cond | - usRS Pl saeRIcv Pa PRAT e kS RioRiR port on

o paral ol SRS bERuadne ppial paththyoth stations tpmiaisitaig et R
_ : i RE_transceiver a

transcelfer aptitAHdwedr fveb %/Qﬁ:h%e@é‘rgeraoﬁe%%@\%é wgﬁiﬂwa?sﬂw

station for transmtting a recer ving an - " Sﬁ@ﬁ a free-space
predetermined maximum level and a predetermined minimum level,

13. A method as defined in claim 1 further comprising the step of:
adjusting the optical power. level at which the optical signal is
" transmitted through the optical path by both stations to approximately the same
20 level.
16. A method as defined in claim 15 further comprising the steps of:
communicating contro! and status information between the stations
as an RF signal transmitted in the RF path; '

transmitting optical power level synchronization information in the

25 contro! and status information transmitted between the two stations; and
+ establishing the same optical power level for the optical signal
transmitted from each of the two stations based on the optical power level
synchronization information.
17. A method as defined in claim 16 further comprising the steps of:
30

generating the control and status information at the ore station
transmitting the optical signal to the other station; and

including adjustment information in the contre! and status
“information which indicates an amount by which the other station is to adjust the
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RF path subjected to atnospheric conditions therebetween; wherein the RF
signal communi cates control and status information for controlling the
operation of the optical and RF transceivers and is transmtted
concurrently with the optical signal when the optical signal conmmunicates
the data, and wherein the RF_signal communi cates the data and doneP8t and
status ¥hfor F&Pdﬂﬁﬁﬁeﬁﬁﬁdﬂbﬁ:%ﬁ&ﬂ rfiesicopprsingthesiepsficat e the dat a.

aui toh ar T nGHEd pEsr BinGE e aRucA e oL S AP b Tori BB Fihting lperr
| i Nk pordcitahagBe drien Eixierhal ¢ tﬁd!@é@tbregl@;giredmmiété@or%“afnah routing the

data between the first optical transce and the first |I/O signal path

in an active cumamuaicatinguhe miata rethedsslactedtpaten the first RF transceiver
and the first 1/0 signal path in a standby node; and a second sw tch at
the seco® stéti ohBihectwitelesst heoptigalcal andnk pedia on,frequenay= | i(RF)

ti d the s |/ ' I th. th itch routing the data
bet ween CRAMLBESTBRG ik afof - ERGwalficnting.d 4ala- <Btuien | i G sethneh an
ti d | t 2 . active e
and T our ARG U, 10 Aret SRdhc HERBH. Peceliing i 1 dcRhcRy (es ERED
si gnal ghtdughrespetinsiist epdesecend iﬂp@lﬁﬂﬁﬁdt %:‘I@'F)m@n@ltpéthg,, GHAPASINGt at i on
e

connected to the optical link portion, the | | Tnk ‘portion and the second
110 signal pag@Hree-spaceapiigaklink porton camiphigincha fitst aptical ieansceiver satdhed

2o s SES5A Tt B S86E ttot Toe Bl bk e
and ot ahd Tegeifing; 20 0piCH Sopal Aol &' fhe b 0biRA Bel SBplested 8 10
23. A ceamosphatic edntitivles Aeédetwedn: eh¢! ai m 22 wherein: one of the first
or second optical transceivers of the optical link portion generates a
transni ssi on 8t#eespsicgnRF linkiipertion einoparsilet ivdth the aptidat dink porionpandi on
ool ai ORPHIG & T R FRRSCalVel S esiih Selan A A RoToaR EBINTTAt e
control Rad3bAl Ration for transmitting and receiving an RF signal through a free-space

RF path subjected to atmospheric conditions therebetween;

wherein the RF signal communicates control and status information for

controlling the operation of the optical and RF transceivers and is transmitted

concurrently with the optical signal when the optical signal communicates the data,

and wherein the RF signal communicates the data and control and status

information when the optical signal does not communicate the data.

20. A communication link as defined in claim 19 further comprising:

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

a second switch at the second station connected to the optical link portion,
the RF link portion and the second /O signal path, the second switch routing the
data between the second optical transceiver and the second I/O signal path in an
active mode and routing the data between the
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[ ion; and the first switch responds to the transm ssion status _
Ispgg;[m: oosvm' tch between the active and standby m)dgas. 25. 18 Jupynaoddi cation
link as defined in claim?22 wherein: 20 one of the f! rst or second sw tches
switches fromthe active node' to the standby node in response to the
absence of date transmtted through the optical link portion. 26. A
conmuni cati on I{nk a inclaim?22 further wherein: the control and

fi
status infor m&t ‘%%mPﬁE%ﬁaéeutaﬂ%@ﬁt% betyren thafiebRF tremsogivertaridsthe figsts i t t ed

he RIF |ink
back and fort lrQbsign@iath ea Sidndby AldRleSS&EPNd Stations through t
portion and whi chgcoﬁjthal ns power adj ust ment information; the power

adj ust nent i nf or mat i on 38&aeqnst witchyat theswaegnd gtatioe cohnedthe td {hesdptieal 1pRcond

t |t r Qrma L ndi cating an anount
by whi ch 30 PRt fis APk BORIon IR PERI 1 BBLhlB B macais e o
transcei fers reuting toé datpebetwnen the sm:lond opticalitresEClvaraMI thé 8¥&dndAfoWhi ch t he

t the optical signal to the

trans
sendi g opt | cSEPEL B LR ativemBd8 4nryitBaahe sela etbaminn weenaA nk as
defined in cl tanscfvenizatahe setdrrl F@ @RjnYi Mh‘ﬂ’i)é'sfaﬂdbg nﬁ:ﬂfbﬁﬁh%er reffgln fOLgn
recei pt of the power tﬁégst ment information contal he the con

packet by changing the f5t Switch respends i< tha cpotielrandestatius informmation tohe

bfﬁ“ §1b% A
i ving opt £t & optical signal. 28.
(r:gfn?runl cgt | gns‘ﬁﬁlhkﬁitgaggq?é/ng Iﬂ%nér{cdag?ﬁrg erein: the sending optical

t ransceilYer change%3the°\ epnimpaicatien ininasdéefimed lpmmn 2|26ME§| reiat IV\:hhl ch the

sendi ng optical transc na e

anount gl n(FZ)II cated by th?n%?v{é'ﬁé B?%&OEP%P%% t'};@ﬁ‘" \ﬁ/{ﬂfm? Riigal 'Ig sendi ng

opti cal transré@’tlorégeg@mem yansm@snoA stamsrmgnalahdloatn}e cbfmmhé}tqﬁé Bﬁﬁ‘ﬁﬁ 2 5\}1 Zln m
t g i .che erate in e active

tzﬁevmg[)'?: (r:]al 'Fﬁ‘ridr%‘?{? Fa@%ﬂ?éﬁ%&] ?Qe?%a tt"‘he first and second sw tches

operate in the st&dfdby Avcaiemuhieation link as defined in claim 23 wherein:

15- the transmission status signal is included in the control and status
information; and

the first switch responds to the transmission status signal to switch
between the active and standby modes.
25. A communication link as defined in claim 22 wherein:

20 one of the first or second switches switches from the active mode
to the standby mode in response to the absence of data transmitted through the -
optical link portion. _

26. A communication link as defined in claim 22 further wherein: '
the control and status information includes a control token packet

25 which is transmitted back and forth between the first and second stations
through the RF link portion and which contains power adjustment information;

the power adjustment information generated by a sending one of
the first or second optical transceivers:
the power adjustment information :ndlcatmg an amount by which

30 the other recelvmg one of the first or second optical transceivers is to change
an optical transmission power level at which the receiving optical transceiver
should transmit the optical signal to the sending optical transceiver.
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15- the optical link portion fails to transmt the data. 37

10

16-
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27. A communication link as defined in claim 26 wherein;
the receiving optical transceiver responds to receipt of the power
adjustment information contained in the control token packet by changing the
optical transmission power level at which the receiving optical transceiver
transmits the optical signal.
28. A communication link as defined in claim 26 wherein:
the sending optical transceiver changes the optical transmission
power level at which the sending optical transceiver transmits the optical signal
by the same amount indicated by the power adjustment information which the

sending optical transceiver generated.

29. A communication link as defined in claim 22 wherein:;
the first.and second switches operate in the active mode when the
optical link portion transmits data; and
the first and second switches operate in the standby mode when
the optical link portion fails to transmit the data.
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