| MPROVED STRUCTURE CABLI NG SYSTEM FI ELD OF THE | NVENTI ON The present
invention relates to structured cabling systens and nore particularly to
structured cabling systems used in |ocal area networks. BACKGROUND OF THE
| NVENTI ON St ruct ured cabl ing systens are well _known for use in
institutional infrasf \?%D W%ﬁe@%BHIS@l AESEEM andar di zed yet
flexible platformfor a dynam c conmmuni cations environnment. Typically
structure cabling systens erpElly QIISESUGCOPPEN pairs which are installed
in accordance wt redetnetr rlnvgezciio Cri ltterl a. Structur ebq calg,lvs ,Systens are
conventional ly enp §y£desf SBhSRE™SS qkt 4T E6HRINI CAr Fons g 3s “Wel T98s for
al ar s, mtiuﬁirt}ytoandcta&de:snﬁmgcmtemt ugdph ﬂama]taremsezw@tiqsr ently, the

i nfrastructure maki ng up Ethernet Local Area Networks (LANs) and Wde Area
Net wor ks (WANs) is constructed to carry and distribute high bit rate data
conmuni cati on signal s mwenom@ﬂqmmm net wor k devi ces or

el enent s, i ncl] ude, ’?f{ hubs, ';(\n ches fbr| d r out. eﬂé
i nt erconnectl on eq%ﬁ”ﬁﬁ‘é §temde\ﬁ“i:eg‘e h&EO%F e c?é'qd’isgp’é‘d T ORE wor k
| nt er f agaf&ardaird Nes) sysﬁ@is %rﬁﬁﬁéf & Srandl@GkdOPetPBexibleP platfoft FoPsiyadieicot her

vari ous network equi pnent. What all these devices have in conmon, anong
ot her t HOGTYRUNIGaEORY, SEVIFATERF | [yPicaliyiistrucaye catling §ysisBRetmplay sviger copper

oper ate. CfairB VREN £aS8stallddn® SIBEdahEL abitD PYRIEtesONSHNRE Y tRRSRAIeMIRES 1S
supplied by internal or external batteries or by AC power supplied froma

power utSYFERy arerGeryentienady empdRXRer lor delephone. €gi CoBmpBEatipss, mptwedlepst for

ener gi Zeaﬁ’and s%mt&@ﬁé%%&coﬂt‘?ol'a@bﬁéaﬂ@hs or external battery, requires a
connection to a source of electfical power in addition to one or nore

networ k connect i ofsuTenty thesiglipstawint mekingap ishunddwcebdrediesvrhediANg a
source QhdekfetLls %et&%@r I3 Eé‘ﬁs%c!eﬂ% %'a}r?ta!ﬁgih\}\%ggxt%ﬁ%sbd I-até‘ﬁ&fz‘

costly. In addition, I'imts the location el enents t

| ocat i or@'svrrwmrcen@rh étﬂmiﬁ ci:atwq@omtwqrbmwm oﬁéleaTWWO#adW%etmdmeeﬁnn@Et i ons
are avai %WR I el

mai nt ai nllédém V\/ner e| n eac h%e%{dg%% nrglg yglo §r etcnggv\g&kkénevpgéous

net wor k dsulpf;ﬂ thesareaiqeipped @ah Nevwerk hteface l(ila,tdSO@JIéZﬁ);l dlmeseo\tem idesietpWREK
suppl i e ﬁ%lg' %&E (!I Tlee ou? n&@oﬁ: eqaurl arit %}Eat %%P&?td\égl a'x:fgf %{mor&gr

netvvork eV| ces era € duri or conplé r| ca
suppl y ientosgotipt th;umgsors thatithayradi, rewmlmnwbphwclem @éerrmsdpeetet Haleaqhmwr por at e

Ui nt or FROU ST A POTE oo Rt ey oV CE BRI (orio LR Sh ST PRALABHIeSShch as
wi t h | PberAd pdwérahippilediesn a pdweernuitiber of net wor k
Today, every network element device that is not self energized, ie., includes
an internal or external battery, requires a connection to a source of electrical power in addition
to one or more network connections., The requirement of network devices to connect to &
source of electrical power complicates installation and makes it more costly. In addition, it
limits the location of network elements to locations where electrical power connections and
data network connections are available. Ultimately, two separate networks must be built and
maintained, wherein each network is connected to the network device. One network supplies
electrical power disturibution and the other network supplies connectivity to the data
communications network.
Further, for network devices to operate during partial or complete electrical

power supply intermuption or failure, each nerwork device must elther incorporate an internal
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devi cés that must operate during building power failures may be very hi gh;
Thus, it would be desirable to elimnate the need for each network device
that does not operate froma battery to be connected to a source of AC
utility power, i.e., a standard AC electrical receptacle, in addition to a
net wor k cd?mn@thaoim;) dibstesn wowugh b&icBRetegaRtL UL AYE

el ectri cak,, 8?@ 2San AC recept acl es and associ af ed - @%ﬂ%?ﬁ?‘gﬁﬂ%é@%&/
simpli fying the 3 AStal 18LF 'r?“’o?“ché*tsm‘fhk@d@”vht\,%ste ephpnadldhe momber tofiirstwwok| d
al 50 provildéca ttostusebieat vt mRanseh eaepﬂfamsdrhgggbea&rfﬂ* pterruptabl e power
source to nultiple Ttﬂgtmrk devices. It is inportant to~point out that the
data communi cati ons’ &t oYk W%@%W%@tﬁmﬂﬂm noed frarcidhynetesikgireide aad
optim zeddte mardpyrabd GBmPARGMELE He0W, ROVET nj t| ons signal s
and was no%{&ge(fh%ed to deli verfJ el ectrica tﬁgaalge‘)?”"&rﬁe MEE E%@ngr "t gdhdar d
requires t efleeHgal cagerizslet dgesidimns foed mreorkt benntemns MHid Reuiabl e
be i sol at gghigfh bagdggé:qg I Rolef € rth ground at both ends.
Category 3 to 5 [AN cabl s, | b%it ({fegfé%ﬁ%@t §3oles: ¢ W‘f‘%“ﬁ%t 8R¢ Fsechted

net wor k dPReEenH Hgr @ézmmmrﬁéﬁng@lz@ @staldnmpatdfbbta/odem@cﬁs IvhddMidh, g wRGIwor k

were not 4 ¥,c€l SClE ical .power at a sufficient level to
operate tﬁﬁr%igg?fctg StCe%’flfge&net Wor k Oc’ié’quécg’ég ABrENETREDIe BeWer semrge fomultingt uses

t he LAN insfwestevictsure to si mul taneousl y distribute electrical power and

provi de network dathaiSl mﬂJn tcatl ons u address the follow ng points:
(1) electrical power di St ﬁtpf"élﬁ"‘b‘\} L3 GRRIMUFGat_Rs ngEYark énfstyoudtare

nei t her “ajcpdmsslit hte:ngeéd/\narnk bpﬂim&éd Otl’o B4 l(:EIEREarQW&E'd]oQ@ 2‘§‘3v§ei§ %
ectri cal

levels nQ ust ur.b nor 8 comuni cations™ I n any
power on Fﬁe ‘Aiﬁf‘?'ﬁf%%gfl iR t"(ﬁsé‘oéﬁéiﬁ”@d ﬁ%ﬂehvﬁh@!ﬁ@d%@oaﬁly Tp"bcsﬁEEE Bb2y of

har m or siagéaré ecquired SiahelelBEEMD K K1t HRI QY tng not 9%1?5%&% S égﬁgﬁﬁﬁt rycal

power ov ri g LAN_ i nfrastructure shoul armor cause
st andar d "*P49 dRUFISHERE 1§t STogne @t b@tésﬂngne@ategonyelzem \‘ZeL;pI@v&blefs rRIWS he

dat a conpatiic€atsi GRS lind) , d electri ower over
the data ¢ ni cat i ong{tﬁf{c\%\&fi}g%i eg@%o ddaﬁ éd%qgoﬁe’ ?OéTHaHBfI ‘ii‘g’if;eﬁ)f t he
net wor K. ﬁ%‘ﬁﬁezﬁ@ﬁ weteinped4sipged &t aina@mmmalqaﬁueﬁ ar S hghdtm 10¢ETo HRYRE

net wor ksth@m@ijorktP 8MRerBrid 116ic8 t - Power line carrier systens are well known
and function to superinpose relatively high frequency data signals over

| ow frequency powerheecforei muy. sofiisre thay atesrthe LAND WEMEIructde Qo ASSLERRGuS P

oper at e are, ver ifferent fromthe LAN. The 'LAN
rrgdl um |dsmgggulg% il 3)%218{12@ BEpids ?66%8% flaja qPRURIGRIARS sBatld ordldeisy kg s.

Thus, trf@HQW@amOBQS (d:bdfiﬂﬁﬁctad)p&weﬂ dlﬂﬂbdti&h%ﬁéﬁﬁ@LﬁN &H‘a&ﬁﬁétu@@ﬁlohﬁfﬁ@:t'ﬂgrl
devi ces g‘gﬁ 9% ?& ned to h}a?gggﬁﬁ | evel s of electrical power. This
is very difieren éﬁ%‘é’rr @elf%‘ﬁl ReHRipYle lievgls| nor disturb normal data

communications in any way; (2) electrical power on the LAN infrastructure should not

introduce any possibility of harm or risk to users and network maintenance personnel; (3)
electrical power over the LAN infrastructure should not harm or cause damage to standard
LAN equipment which is not designed to receive power from the data communications
network; and (4) the addition of electrical power over the data communications network
should not degrade the reliability of the network.

Systems for delivering data communication signals over power networks are
known in the art. Power line carrier systems are well known and function to superimpose
relatively high frequency data signals over low frequency power cabling. These systems,
however, are designed to operate over power lines that are very different from the LAN. The

LAN medium is designed and constructed to carry data communication signals, Thus, the
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z:1 data communi cation signals over power |line networks. A block diagram
illustrating an exanple prior art data comruni cations network wherein
net wor k devices are coupled to the ACmain utility power is shown in Fig.
25. This exanple network is presented to illustrate the various network

el enments thads, ab@ectbyPiiG@kde¥r tfc@unduitdd aad kobhifN ek RBNBBnot EREReLWEKIle
general ly referenced 3010, conprises a .conbination WAN and/ or LAN backbone

3012 coupl8f 1EE achelqriead PapRb MyiSsie Mo IISErERt TaRGIBFIRRPSHEdOBIenFSY d6t her

service prAYtsensn3Rba stndisdhvethdv@r ndANvBikkdge/ router 3016 which is
connected to a source of AC power via electrical plug 3022. The IP

t el ephony server 3®1dogky slagramsivgragrd\and 8xanglie gHivh ears dpigi e@ngpicagions

plurality. of Fod Badi , P :
P ! s oo bERE neBlork Bei e SRIONGRATIRE ac M uilibover SMBoMAR e |

t el ephoned’ 3028 exBOBS netvapk op prssentadnieriipdratea Hleevasionp ntteerk3ggnenip dha &k - t op

conput er u . u i i :

connect i oﬁgég&ggﬁn& %A‘ﬁt ﬁglb%ngr\l/fnb@%& 3 g ﬁeg}ﬁ%t%‘&@% g%geeg%uyﬁe%ﬁgéﬁgeog g’?%%@“é%suar ce of
AC power sdmbimdtioot WiAdhlangibu§ A0 DackboreP3¢1g] epiptadetc30R 8P tga86ny porven bkt
conput er 3032 .and deskt op .conputer 3040 connect ed a.sour AC
oner vi oI 4P e BIrE U Rt it B SATIECLCE LAy RuRUleEaflq AT
hub/ swi t chhi8h &Cohsecadd30 acoupd etiAC poacrsépeeatienl phugrioe?. oThe AR tploplemy setiver
electric I 3026. A .video,canera 3044 (e.q., .Standar ideo c a or
Vet oo 1018 ABRE R nouln LS A oha < ebra E of TR an0s FeEoeG R eG Lo
LAN hub/ s3g365c3028020 via network data only connections 3047. Video canera

3044, portable conmputer 3048 and I P tel ephone 3052 are connected to_a
source of AC pewer WpFa&-“8Y SEfgdoxfer 3P 1Ry ogppigd tapre LASDRpS or syl 3N y. 1t

i's noted joaal ERGdghShaO5HICNEE CIahSH Wi SiferP pSERRS 8Bpat §0320RRU Qkskadpl ONS
connection and a connection to a source of eFectrl cal ;ower. The dat a

net wor ki fGTEBIRSEL? @rf cqupledai@edl AN huhswheh ARI8 ManmevotisHay cenngrisnss OB AN

cabl i ng 101G anYRRELCIAR IR ectaolGBRSare sORM STAC polv& vidliEdhiEd GRI; J0oyer to
each network device 1s supplied viaa plurality OP AC mai ns receptacl es.

Thus, eadR telenhwoe ROevDe® penshle sempitend0dd dndideskten cdmpytar 3P4® argtdonigciedhook

ups: = ong,t Qe P[i‘@ & r”ﬂ% ' };51\1( %}(ﬁ% {% @%\#{%\F 2014 I%.O the AC
el ectrical p%vf/erone %r E %Iﬁg?& 8%%3 w%g 13 é%ﬁe p?’ sent invention
seeks to provide afhehidhbedswitahidRdisdse abiplaigosy speredoand of déapowerea
net wor k- eaplioy0g sUchog Syshem. Netuaul. Lnshakl Ul Sadditbr Webldihlra) e
present 1 nvention‘can be Sinplified an
portable computer 3048 and IP telephone 3052 are coupled to LAN hub/switch 3020 via
network data only connections 3047. Video camera 3044, portable computer 3048 and IP
telephone 3052 are connected to a source of AC power via electrical plugs 3046, 3050, 3054,
respectively.
It is noted that each network device requires a separate data communications
connection and a connection to a source of electrical power. The data networking connection
is made in the normal manner using standard LAN cabling to conventional hubs, switches,
routers, etc. Electrical power to each network device is supplied via a plurality of AC matns

receptacles. Thus, each network device must be provided with at least two utility hook ups:

one to the data communications network and the second to the AC electrical power network.

SUMMARY OF THE INVENTION

The present invention seeks to provide an enhanced structured cabling system
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are less costly because the nunber of required power cables, power
receptacl es and AC power supplies or adapters is greatly reduced. In
addi ti on, network devices, term nals and other networking equi pnment can be
pl aced without regard to the existence of or the |location of AC

[ ecept acl o 190earsY R8O buri fn BB #Usdrivent f on al so provi des for a
significant cost reducti on provi di ng uni nterruptabl e backup el ectri cal
power to critical né%ﬁ%@ki@@ﬂh@@gIaﬁdRHKeKM1mahmtmnmmhm<&m@mtmm®hﬁs¢®MEr

supply f a'aké’fe% c%Etlyl Qécgﬁsre Yt du%er a_fhrle uirea g)w%r fa%b%s$%%$é%ceétﬁ%%ﬁ V%I $¢ :thgrt :c 23\/

backup power, i.e from an Nt erru

points in stprsien et mzr;kerwaortehtgf rgﬁhbadnfﬂnaaidurmt ueievars dédtesmedrmimfsf @i e t han
connectin i.tic el.enent to its own dedi cated UPS r to a
backed up%@ﬁ%@% g(%ep AN cang Wo%glgardsm\?éq TIPS £ 6F &Fﬁ%cafli"?r@ £§ t hat

only a relatpagby small portion of the network elenments, e.g., hubs,

sw tches, routers, litl neeo? bo be connected to a dedi cated source of
uni nt er rupt abl e po © FhR A HES MR HVPNEIn plie RIPVIEFCHT ActsibitentSoces

recei ve t heiittiondp ef BidingunSeRipttiabidiep bANHCAT It IGkdhEherARRIRGLDeRET i t
of the system l%f the present inventign is that the safety requirenents and-

cost of néATREEK 1k dissyeal ofgpRvehEP!Y: Slupeof iiewton| Rbis iedue ta thedhctpbamer
can now beisfr@diidd 8 t e I[RQ!,\J S C

This is i nlséonttI rgés{Ekh?\(l)ﬁoﬁglle 1?8%?8%{3%”%1t %ﬁgn&}/&rurp J%)a\li}l ng anEF ﬁt goﬁla %6‘?
ext ernal RADE ID homtverk ez t@dp‘ﬁﬂ ynfFgstructurecy far moret ¢ffitietthibam eompetngleachce
recei ve Cghddaf hGabho %1e9bé?t°ﬂ3 it® lowiP oy 1&1%%'[ tﬂig Pl%ag Ibac eldons [wﬁuug Ein

Underwriters Laboratory e case o elep
becom ng m@ptlcalrtuatnwaéldpmcpmbﬁmga tlpllE()S/Ihdil orgy p@vi@uive(bwﬁnalt ;Inﬁnbri\bk“ mernmvtz@kt he

| P tel eph v ource of |nterruptable ower just as ordin
anal og ba§ ex%tgl g’hgunbg’sa%gcr}%%ec?uégs’t %Ct RECIP8TR 8?ﬂn8§ a,\eooﬂétf!gmﬁé SASE O sur e
pr esent edumlmr@llmaiéé povwee sdile hbs raﬁaxm}aaffaﬁluScrlftQﬁ! andoreldbadss rdcoive thek:r
generatin elivering.a agi el ectrical power over LAN networ

e Bt b PP RN At

infrastru ‘Eie5| gned for digital comrunications

purposes. The i nvemnoter fouiEk ioPte tssterh esligR ?@yenpmh%@ ifli B4t uhbBanees to
t he data conmuni cati onsdgnd to maintain conpatibility wth the | EEE 802.3

and ot her FBIeBESand o P4 ngleorkrisammal eauinment cpmke ssdytaisiage elparionl mowst

i nvent i orcappéwde@ed HbinNoRivaRaged anthetdtdved 0 e.
10 Mops, 100 Mops, 10000|\/b ageV\/m ch are. ﬁ%?u@grﬁ%@%%ﬂesmﬁg%w gétms{

noi se, ndP W5 EEENBGINE 19t Pf%f&‘tmge% mggTeRl i extermal 439220 WAQ rmoweladmply that t he
550 0L 0 SV AT I 0 0 SR, D0
Swi t ched St&l adimsigevriters Laboratory (UL). In the case of IP telephony, which is becoming more
and more popular, providing power over the LAN permits the IP telephone to have a source of
uninterruptable power just as ordinary analog based telephones connected to the PSTN enjoy
taday.
The disclosure presented hereinbelow describes an apparatus for and methods
for generating, delivering and managing electrical power over LAN network infrastructures
that are primarily designed for digital communications purposes. The invention functions to
reduce any possible disturbances to the data communications and to maintain compatibility
with the IEEE 802.3 and other refevant standards.
The power over LAN system of the present invention operates with high

bandwidth data communication networks, i.e., 10 Mbps, 1060 Mbps, 1000 Mbps, which are

naturally more susceptible to noise, network bandwidth, near end and alien crosstalk. In



Network (PSTN), Integrated Service Digital Network (1SDN) and High bit rate
Digital Subscriber Loop (HDSL) comruni cation lines. The invention

di scl oses novel renote power feeding nethods that are better suited for
shorter haul cable runs. Further, the electrical power distributed over the
LAN can b%d% [!Jlll,vtﬁg z)gesgr%. ir% 1 IQII{ talkgwmgd SQHENGYe ﬁlgitytpol tiﬂ%@&l&"l‘@#ﬁfiﬂ‘l& & B}her
case will rnterfere mni mﬁfy with™data  communications si gnal s. '7'he

el ectri calmpiemeLAtle) i.ver Bechdeade rof tnvaerd atmuc brivreiers at iPobisc Saibled Tdephigae

transmtted usin r, nor are LT S.n bl e, Et.hern -
conmuni cat%le Vr"l%rlk @’éﬁﬂ“ﬁr thegiatﬁgisﬁes ]?64])%%%%3\15%“60#%) [%\%l A g%%hn{% * rﬁ#e 4 i%té?ll r (8
conduct or SulatiegdraopIHIBI Icommaaibhtéon lings. uSkdinvérhian dBclpsdsmevarematetpowsed f or
‘data co nidcati ons The etsﬁectri cdgp g{)wer anbPe transmtted using one or
more of t RECESOTEIQHsHREC 35 Geder StgEiPhIOT TRt “PF ¥e data cable conpri ses
only two pair, thenFidfieraheekdtii@abopaviistribBedogt thellAMedarisd dgivareé a9DG wo of
the availahle pairs, i.e., the receive and transmt wres. Thus, i

accor danc& WP HI4IHERGYn PEnt PiERges W}B‘S&e’r" BT ﬁésedaﬂf%?f&ie d@’é’rm'allﬁyw%n%it%ati on

of used apghRtnidiHedidniis Strad ele@tital Wolv@SddiRerbd Bver ditd dat£ &I Ctibhotattabl e.
There is thus provided in accordance with a preferred enbodi ment of, the

present i Aveht MERSTRItEG GBINS NG AT MAWEPAKE PAHET Rdiha Falie huheraet pfofr 42 opt
nodes, co XU %Ait%rtél HARRIcIRG & Wégﬁ%n't.gﬁ' 456 @ chﬁd’ﬁHoF)yCé?égtoﬁoﬂeﬁort Dedoie hub

for providi’ng data conmuni cati on; power supply distributor operative
to provi di eed| has2 pursearoper vteil rfgr gonepmmynigations g skhe icabpowerecas| b al i ty
of nodes yi - i.cat] i roi : ; 4,0

preferr edye o%%ngﬁwetcﬁe&%?eogéﬁ% C?%Se"ﬁﬁ %ﬂ%t h’e&‘r]'t e@%ﬁ%?@&? ? \ghttac%a%llei ng

i ncl udes atmpréisas onlyarsto ofir, ahet thaclastrizd pevdriingisgybutednusit®t pid of trq REthe n
accordance w t.h a preferred.enbodi nent of t Lesen I e! power
supoly b SRt AL Erel MR s, PR EPganee YR M esob O
with a pr pbwesrreanl be dbipwbrgdesvier afy dobinatiesefised amenmied tivisedgawerires up phey
distri but8r is located o ]tsi de the hub. Mreover in accordance with a

pr ef er r ed “BHEYOPHYREG 2P e present invention the power supply distributor
is located partial |'yhend tishitas tphevided binadtdor@ict ivaitd ¥ peefbriséd embbdimbutbof &t i | |
further in accordance with a prefer_red,enbo@{’ner?t of the present .invention
the oper aPiesgt BORRHONSH 58] Aer B kiiRrlysinget P giyralify of mpiest 69MPBRISE e ast

some of  gdkifls Bbiteatidd e P&dﬁy ¥ R d 8o A RIBINp16 Aikling Matseddbinighidatiéd; Ligd S
backup power. Additionally in_accordance wth a preferred enbodi nent of the
present SPYWRS SHERD AIsETFRIGT PpeiiNe tadeevide Y deast WOFFrAPRTEAS PONCTCOHE SAFT S0, the

power suppd e 91'11&111{9 SRk viﬁﬂﬁchﬁlﬁﬁni@aﬁdﬂmlﬂﬁf , and the conmuni cation
cabling connects t'he data comuni cati on ) .
Further in accordance with a preferred embodiment of the present invention the
communication cabling includes at least part of a structured cabling system.
Still further in accordance with a preferred embodiment of the present
invention the power supply distributor is located within the hub.
Additionally in accordance with a preferred embodiment of the present
invention the power supply distributor is located outside the hub,
Moreover in accordance with a preferred embodiment of the present invention
the power supply distributor is located partially within the hub and partially outside the hub.
Still further in accordance with a preferred embodiment of the present
invention the operating power supplied by said power supply distributor to at least some of
said plurality nodes via said communication cabling includes backup power.

Additionally in accordance with a preferred embodiment of the present
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concentrator via the conbiner to the nodes. Sill further in accordance with
a preferred enbodi nent of the Present invention the hub includes a data
comuni cati on concentrator and wherein the power supply distributor is
also located within the hub. Additionally in accordance with a preferred

enbodi rrenth@flmbrhéle[i'meSEﬂhdeslm&@ﬂ%rﬁﬂuﬁlbﬁzdﬁ%nb&@a{&QQﬁe 0\9@1151% @9’21’5% Uto ation
concent ragr%F] % he el n tg power supply distributor 8B 1°6¢a

within the hu 5 I&F{J e REPULGEBT cahing soensati therdata h@nmumrmmner
coupling p@mntrﬁtomtmom\{@F tSHPRbdEst 0 the comuni cati on cabli ng which

also carries data é@?ﬁ&n t he data communi cation concentrator. Preferably the
dat a conmuni cati on @Pﬁrr"a?%Pfdé%??p‘f’ﬁt%@BmﬁﬂF@ANH@wlmm ofild pxhseﬁuméﬂueﬂs as

a data comeunb ¢alided a SWat el GReatEL i accor da ce
preferred. ep‘ogdl ment of t he pr esent Orll(:%%%%rlagﬁ%th i tFuP%‘V?rtSVP ‘6’88@‘"

i ncl udes 5P edgpighipthetmg. f ol | owi ng types of nodes: wirel ess LAN access
poi nts, energency |4, S¥.S S eake ,
SRSy SHSLEBEh AT, DAY ¢ AIEPEAKSS pqegﬁ{ o

caneras, .al arm sensors, door entry Sensors,
conput er svqaporTih kdhiselades ddts corsmitichies, COn@uiirStHs and WORIrEiQ e @ME& REIPRS Y

backup unji&sndiar isP rkstations. .Sti further |n accordance With a
preferred Cenbod Ir?ea%% ?gm%wmlrnettshen Fﬂ\?‘éﬁt‘ﬁ‘{eﬁﬁ RoFesr §eply Awd agembiger shey

conmuni c &PMBHIEE Gpieming rEtver ﬁtOhEthB(PWer supBl ¥ Gk ThihPHicion béBﬁh%‘ ﬁ:haals(§>a ‘3

conbi ner s Quer he comuni cati on cabling connec t he
conmuni ca:%?ona%tgncen%hftaég% Wﬁ‘m{cﬁtéonc%‘?”ﬁ"éprto t he nodes, and the conbi ner

includes a pl ural Pteferablycispdagl Som@asiatein %Hc‘éﬁ'trdtér &%gﬁ??s‘ést & AR AR Qut IOUt
of the pgv\f\{er *ﬁ %f?p%’ Farther i n accordance with a pre red enbodi nent of
the present iny &h? ﬂéw'ﬁ{H‘B“‘Fﬁ&“M&h@mﬁﬁfa communi cati on concentrat or,

the power supply dA&BiﬁbHMIyOEn 'aB&JrH’Qx@@ Rith GORRIFRDEl gl'ﬂgocﬁmgrhtc 8% E t%gqsgrgl the

communi cation ¢ connects the data co ni cat I'on a the
combi ner "5 ity ghepden ichidppitrienst ersmbithsioliowing|typealof hydesf wirdesspl er s

and a pl uaal labcésé)fpofdtét%@fge ﬁlﬁfﬁgp%j@{?np%ieﬁ%ngo%ﬁéﬁé g%él '?aé%@]; :.é‘e(nd'le [, to an

out put of the power supp% er -accortdi
enbodi nefAMs. t3kmpsenserst dopy entry sensore ackusb doncdiugles, aapd@:t ompiraiNiIEat i on

concent rt%le@ﬁonefshﬁufé)wltc%wpﬂo?ﬁtefy SI%&H%EE?aéd ![Iﬁ%%%gte @ corrbl ner and a power

supply, the comuni ¢ation ¢abl'ing conn
concent r4e&Etalens. t he conbi ner to the nodes and t he conbi ner |ncI udes a

lurality of coupl it f filters and a plurality of smart
Bower al ?/ocatl onp asﬁf ! ergf%?tllﬂngccgr ARGS; %g?n a preterred embodlme%t of the ?)/resent

invention the hub includes a data communication concentrator the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, and the combiner includes a
plurality of couplers, each of which is connected to an output of the power supply.

Further in accordance with a preferred embodiment of the present mvention the
hub includes a data communication concentrator, the power supply distributor includes a
combiner and a power supply, the communication cabling connects the data communication
concentrator via the combiner to the nodes, and the combiner comprises a plurality of
couplers and a plurality of filters, each coupler being connected via a filter to an output of the
power supply.

Still further according to a preferred embodiment of the present invention the

hub includes a data communication concentrator, the power supply distributor includes a

combiner and a power supply, the communication cabling connects the data communication
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(SPEARs), each coupler being connected via a filter and a SPEAR to an
out put of the power supply. Mreover in accordance with a preferred
enbodi ment of the present invention the hub includes a data comrunication
concentrator, the power supply distributor includes a conbiner and a power

supply, ar@:@mﬁeﬂ@at@@%"theséb‘?xmlﬁ’er't@&'e%@@& Qnd’@l\é‘%mgﬁzhj HERaRa ﬁuﬂhﬁéﬁa&"co!ﬁél&s

Additionally or alternatlveyt e i ncludes a data co
concent r at?8F 2 PHBIFodk filtggpiptya tﬂiuéétiﬁi’ Iditsorar provan ddiscagion ambi gtz dir@itpower

supply, t Q?PE&IQM@h Catl Q%eﬁ@%hﬁ'&he%qj‘ ?tlér 1he dgﬁ{%{ P %?&'g&%tf Loy

concentrator via the conbiner to t e co ner conprises a
pluralitysefelcoupl ers and a plurality of fil ters each coupl er being

connected via a fil t 0 Su Mor eover accordi ng
to a preferred embodi reOE% 192 ‘%E%agg? ‘é@réntpre ﬁ’\%edﬁl\em r{')%é%fm?ﬂmfsﬁ‘&t ‘DFEEY dat a
conmuni catﬁembdMﬁEHtarcataocrommmc'tpommcsuqmbzy tighl et Dupipyr diktriebtod@sludes a

nmb t bl he dat
Communt calT e COARERT AL aY Y 1 e R R e R G o R GUar S HE Wonbi ner

i ncludes a plurali tyd@fombppberﬂtenﬁﬂ@hlﬁ feumhad i ingluads fa |dagd Scodfelingeation
plurality of ower al oca# 1;tflgllland reporting. ci rcw ts (SPEARs), each

rt
coupl er b%‘?q‘famgag%h B ypalys Fiftpigton pppludess ingr #49d A PRWET $iPPBhdIHoner

suppl y. Pd&cﬁlfuﬁtir&bitl}én chiingdbndcdg thid@sa nsialdcARATMRESRH:QR %ﬁﬂi&l&%% the
power d{% distri but or includes a conbiner and a power supply

conmuni ca W ihs rembEshAueRTse RePlwatiy elorrvplsrscandi @rﬁ’%@iﬁﬁéﬁtﬁ”&t”%@% a the
conbi ner g Ieh@eﬁ%’éiﬁﬁect@d"ﬂa%@iﬂert‘é%%hﬂﬁf oi’tﬁEhéW@' ;ﬂ:)n)pl urality of couplers
e

\andapluraltyo lters, each coupler bel cted via a filter to
an out put of the pcl}ﬁ@rﬁm@u@pqoydmg\élwtnrdnmd ymbrpdzmbmteqfrtat ipreekny ibveatibu e

el e RCRERGOMT A ARG UERANIALL e HRCPOEN. SURRLY Hhtldel B O

i ncl udes a conbi ner a power supp Ilng connects
t he dat a @smiRemiaehe lpowelcwpie'nthleemmmumcanomeabémgbomcts ttile 4412 commdsisatioand t he

conbi ner c%ﬂ%&?ﬂat%?%thé)!:&ﬁﬁ:x%rttg t fnoﬁgsu B dpe Ine Bh8ing: Q}Clﬂcrieasla! tié a? %ng ﬁ%r?lr 2 and a

plurality of smart power a oca ion and reporting cirredt ® each
coupl er e rgplucaditn o€ tiétdrsvird @ pfurzmtjerofanm-tapcSFHEAﬂotanmamnduhmﬂmg)fclrmhis power

I P b he .h b | udes h
over SUSESRaN SiEhieatE: el e B R T AT SRS BRI P

communi catipmn cabling connects the data comruni cati on concentrator via the

conbi ner to the noges, .and t onbi ner includes. a plurality of couplers
and a plurality of g‘fe??”l’%‘ he g@bﬁ‘ f)l‘?l Aty CPHGUNIEHINRCAUEENIRL thef PISEr t o

an out putsugily tdi@ri'tﬁ@(\ﬁ'efncﬁuﬂ&pb)bombmer and a power supply, the communication cabling
connects the data communication concentrator via the combiner to the nodes, and the
combiner includes a plurality of couplers and a plurality of filters, each coupler being
connected via a filter to an output of the power supply.

Additionally or alternatively the hub includes a data communication
concentrator, the power supply distributor includes a combiner and a power supply, the
communication cabling connects the data communication concentrator via the combiner to the
nodes, and the combiner comprises a plurality of couplers and a plurality of filters and a
plurality of smart power allocation and reporting circuits (SPEARs), each coupler being
connected via a filter and a SPEAR to an output of the power supply.

Preferably the hub includes a data communication concentrator, the power
supply distributor includes a combiner and a power supply, the communication cabling

connects the data communication concentrator via the combiner to the nodes, and the



Additionally or alternatively the hub includes a data comunication
concentrator, the power supply distributor includes a conbiner and a power
supply, the comrunication cabling connects the data comuni cation
concentrator via the conbiner to the nodes, and the conbiner includes a

plurality cofmbietiphdidesandhaaiRl WakdupkrObnd il 18F251,288 fkersPlabhakbddpler Aejymar t
power allocati on and f['te porting circuits (SPEARs), each coupl er being

connect ed V¥E fvﬁ"’t@ SR G" QUBBEARIS RO VER SHbut  of the power supply.

Further in accordanggdiiohfliy@ &r %ft@rﬁitﬁ}élxﬁrYQQdMEEQEclﬁﬁest Qedﬁﬁe§§rﬂﬁluh1@é&§ﬂt Ion

the power supply distributor is operative to provide electrical power

al ong t he “e¥RHPE Al BRWeT SBIAhGISRURIUNCiftice spmalsice anb gr Rcket | UPPDf thehe

di gital Cgmﬂhﬁ%dr%bh% Edrne £t REE ob n%%‘c%&?&%@ a2 tﬁ% EhEED the

enbodi mrent of the presen i nvention t comuni catl on cab conprises at

| east one ﬂ?@ﬁss?@ﬂﬂw ¢f§n@a¢rrmébd¢ﬁe@tpétdalttm ofe@uhlersogel arpdlradhgroéﬁ fritepaom:f ai s

transmttegg r a | i ch sm tted.

Pr ef erablg 'f e hu%nfa#c?%‘g%smgcgéo?laé@o% Bﬁquxg O g%él%s raat Cou?lﬁr rgem\’%/er

suppl y di SQW@QdmalfﬂtﬁkantésSaE@Bmean emptpthfthemOWef applyand a power suppl Y,

t he conmuni cati on lﬁt:r%e connect s t he conmruni cg on concentra or Vi a
n ale f %‘f)IPSFS

the power supply i cg FIF& With et e” emisstiaent @ P A PUQRgthe

i ncl udes pp\mrwupﬂaiytdystﬁbutbt Ist @leutian do @rcﬁzlidtr éledtiioal @bweMAbhg HRVWRmmadida8eat i on
and report each _filter being connected via a SPEAR to

cult
an out pu‘falbggg P O%d’\ﬂg?c BtﬁgA@sg’a‘i?ﬂ’ﬂFPfg‘ﬁélfgl?l FONEREER@RNce with a preferred

enbodi ment of the [BtRiS Gikher | AV Sdtbidafcel KEHC @ MTiRHEAT dfidafalt | S10iheOpREdnees at
l'east two, twisted wire pairs connected to each node and wherein power is

transni t t SYETBIPRNG CommupiseHiaR GabliRgh FPmprisEs et kagt one divistearirapgngonngrice i dat a
i's transnisth adde el R &RIpwhNE thHbnitiBE bides vl | GRkch O ; 1s also

£
concentr at or, the power “supply distributor 1ncl udeg ap r supply
i nt er f aceTansitEed power supply, the comunication cabl | ng connects the data

communi cat} on conceREALAY vl fs! HELARNE A Rl LSS LGS B0k NE. ades:

and the pomer supply Int ace i nc es a plu ers
pl ural i t ysupi Yéimfﬁhutorpovlgdesaﬂ mmtsuimiy almdfar:epmi ] pmgemupplw the cb{ﬁHEARat)xon each

filt a SPEAR t
adai £1 oo eSS B Lo iaRoh Bond e S B ind hoviet i e B ap e
concent r atodes, amch@m\mpplﬁ mpq}afaye thickided Dpltiealitsi cﬁﬁﬂlt&dﬂﬁlda ik o Yippit power

terf I i bl t he data
cormun o gl Biol SR SFtorat PRl GTIARIoREP (G bgs FavisFeace T STERR Wolles.
and the powatofthppbyersabgiyf ace includes a plurality of

Additionally in accordance with a preferred embodiment of the present
invention the communication cabling comprises at least two twisted wire pairs connected to
each node and wherein power is transmitted over a twisted wire pair different from that along
which data is transmitted.

Preferably the hub includes a data communication concentrator, the power
supply distributor includes a power supply interface and a power supply, the communication
cabling connects the data communication concentrator via the power supply interface to the
nodes, and the power supply interface includes a plurality of filters and a pluraiity of smart
power allocation and reporting circuits (SPEARS), each filter being connected via a SPEAR to
an output of the power supply.

Additionally or alternatively the hub includes a data communication

concentrator, the power supply distributor includes a power supply interface and a power
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smart power allocation and reporting circuits (SPEARs), each SPEAR being
connected to an output of the power supply. Still further in accordance
with a preferred enbodi nent of the present invention the hub includes a
data communi cation concentrator, the power supply distributor includes a

conbi ner apgha PMeVWRmmaHRRALY cgm%ﬁ%ﬁm&m ﬁl@tda%nc&f’f’r{?udtéﬁoﬁ:@ﬂﬁh%ﬁ{rioﬁ be data
conmmuni cati on concentrator via tRe combiner to the nodes, the combi ner

i ncl udes @omew%ﬂptbt {pterfafe eS| OASS, AR e RIINGEF é‘PHpﬂ)yméftffaF‘? inclarles amiprality of
plurality .of Weff alPRAES erdl [ng?fiflh O AR (ﬂ;ﬁ?@%&p\éﬁgh sPEAﬁ%bxlhg c()x%:)gt%ﬁe%% an€ach

coupl er belng connected via Ter and R to an output of the power
suppl vy, a@dfpea@ﬁfhemreﬁpnias at Ieast two ports, one of which is connected

toaport of the daid SANTUN GaLAREINGL! bRkPlos Athoiap dtethe Ofratll CN 1S

connected, via communication ing, to on t he pl ura ity of
There is avsatigr tjrelimlédnqlmﬁea@abradmrwatihn aorpaafmrréxdpewbmmpp’efrﬂlstubumhe
present |nv nt| on_a Jl.ocal area netw0|i ode f use |qjha | ocal afea, @gtwork

i ncl udi ng ) un ib,2 Comlf)lfl%rr qdl ?fowter Slcl)ndje% %5%&??& ‘TTort n%Immecg’onnecat| ng

t he plur abd)myluﬂlfcaﬂimdﬁﬁlcérm‘atolneftahhebccfmirmerpdj chei ribiderg i @ttibﬂtler molmftwn ptatalmjn and
a power su di st ativ rovi.de at Some ,oper ating

B onor 1 o° AP Bockus 36 atlethy RRSERG RUF o B s G5 oS Bloenitd T SoRerae
comuni catirgis ¢SIPEARE, edch oG deing lcBinebRl Warkiiltpded 4 BREARIkdgn Sutput of the
o PP ook B B S o UG et & bt a
i nput . Fuiehiaia doﬂmﬂﬁﬁ&ﬁﬁlﬁa&ﬁex\%am afd ﬂ{e%'itfé? bﬁﬁh@HMnﬁ@%EHd @k chhfupicasant
invention the power distributor is |located within the hub.

Addi t  onaf3bjingto gpe @fthapﬁicﬂéllf)y‘?ft'ﬁ’éespomer supply distributor is |ocated
outsi de the hub. Stilde fllikfhoidkaaGCREAANEE Yhit i froie] ShbsfinERDORENt Of

t he present i nvention the node is operative for Intiate seep node
oper at i onpierent tivenrticara/lopdwesa neiveonia At usepp eﬂ@rahmgmthgknmdedlt@s hppea

funct L onabifatel B RS (ki ALEg, ShA%0 JIREIAPRLANLOR, drlhotdl Wb R, ROT

managemnen neasuri ng t ura nce l'ast activity
of the nophewdln‘g d@lai exneadsatonf dnd st poter egiphl distributot bgerailve empewtdb ag laaster or

systemin contraindicati n |l e e e the h er at es
in a sl ee%mr?oager\?\?tngcﬁo‘lv?fvg ve%asst ucgqu ng a'ﬁlcyoﬁs fod S wa alé'Lti%glna Iy or
al t er nat i scmdryuditeionodelitpshd healf a:m:hetmmdd ndde mnluﬂmget cam'uhmatanbns $hleiaqg node

L S e e R D A R
t hr eshol dandidatdtbe noabgeatpuOf a user or systeminput contraindicating sleep
node operation, t he node t hen
Further in accordance with a preferred embodiment of the present invention the
power supply distributor is located within the hub. Additionally or alternatively the power
supply distributor is located outside the hub.

Still further in accordance with a preferred embodiment of the present
invention the node is operative for node initiated sleep mode operation in voluntary power
management. Preferably the node has the functionality in node initiated sleep mode operation
in voluntary power management, namely measuring the time duration TD1 since the last
activity of the node. If TD1 exceeds a first threshold, in the absence of a user or system input
contraindicating sleep mode operation, the node then operates in a sleep mode which involves
reduced power consumption.

Additionally or alternatively the node has the functionality in node initiated

sleep mode operation in voluntary power management, namely measuring a time duration
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operates in a sleep node, which invol ves reduced power consunption.
Moreover in accordance with a preferred enbodi nent of the present invention
the node may operate with the functionality of operating the node nornally
within a periodically occurring tine slot, and operating the node in a

sl eep nmod&Dautisiedehetlbe copefiraaiibRlorthoaedy i N LRS! Hlirs: FHfEhed Mar @t he
node may %Ssﬁgceogfrate in a sleep node as the result of a sensed fault
ref

condi ti on? AT Phay ol e A SOPRENTERYER BRI Tede BPeritipgd. fRsdaode then

peri odi cabpeyatepiarf siiepinmi@e avEek fnvbﬁ%nedid‘ed?b@err&ﬂﬁmﬁ}ﬁ%ﬁes the test it
operates normally. l\I;{towever_, if the node fails the test, it operates in the
sl eep node. Still fUPEREF '} ACRERBFUHEIE & Piiferederpodimant efithe pivselit ieventiof t he

present inBvienti @y dpBRINOME IS RREIARYCof Ohe AN SHAR! Yo taf) B&@Ih%

initiated s] eep node operation in voluntary powsr nanagenent. erably
the node MFRQICREY foGRETING famg tsipti Andoowerrtineu sl podediirstar sloegt arodk noutsidd etk sl eep

nmode oper@bi8Raliyodal i@l hower managenment, nanely neasuring the tine
duration %5 I %i)pn%e twg ﬁ{asst activity of the node. If TD | exceeds a first

threshold, in theFabbenoes dfe mdasery also spehenini npltp aaxdt naithdigak iofg: sl eep

nmode operatd e d erated i.n slee de i ch inval yes

r educed p%%/lééeg nf(‘?:ncl)lysE 5%43 (igno nﬂ.rgfﬁﬁggt 5 R f")Paf %'eaﬁ’@f)&agﬁ%’eoml‘f‘oge W@?%’F?@d
enbodi merrerfofminge spif-esserif theinvde pidsanthé hat, togerdiasncthglyl BReki@nalihd Yodd N
power su jsteibutor.initiated,sl eep node operation in voluntary power
rranagerreﬁ?,ksyt{l%ge?{ HEREET Hy 8 SEFRBOUur ati on TD2 since the | ast

comuni cation of tBellnfdeer if adddtdexeamds aphdidridd tAPSENSdor I th&eRbSENCE
of a user_o tem input contraindicating sleep node operation, the node

. M S 19 . P, | L

is then d‘b“éf‘%?‘é%ﬁq Bpdg IsPREEARIve fRsROWeRHHPel disinipitorisitiated sisepl modaweperation in
consunpt ivelntab pbReF niaRagdGeRd PAFEGHNI ; i-qggm, f

present i nvnr??iugn_ 1 heal n%de has t‘hgmtﬁﬁ&%idgrqg{ ﬁe;ﬁgﬁgt{m?ﬁel ovvgg Sé“hgﬁ y
di st ri bu@BHOYEFHHREAFEsP B enchition in edentad polver matagemeit nathely medwIrmgsses

the test thel timd Su@RG! BHELiOtHERLd: Mt IOV YEY node! 1et 0288 LAl Splhe i aRt . 1t
is operated in the sleep node. Furthér in accordance wth a preferr’e

enbodi mefte BrerBeofpr ssesrmr Sysiomrinpusncontrendicaimguiéepampdinspeatohj tig dcdeessf ace
i's intergadrat@in? si : rality of nodes. Still further in
Qéra ed'irfa s !: (Se%e?;@ﬁclpﬂnvélbgs rQJi e@#m{u% ecorbsruggygﬂ?

accordance with a pref enbodi ment o i nvention the
comuni cat i ons cabhddigonaly einf aerdasceextittr maprefefredtentedbicnond of pleeent

erbodi ot e RS e dah MhdBiein N WEREoHERD by Ou Pt moge

oper at i veperssioprinvoidetagt geter intihgdp@g thad heA@rinBQ time duration TD2 since the last
communication of the node. If TD2 exceeds a first threshold, in the absence of a user or
system input contraindicating sleep mode operation, the node is then operated in a sleep
mode, which involves reduced power consumption.

Further in accordance with a preferred embodiment of the present invention the
node has the functionality that the power supply distributor periodically performs a test on the
node. If the node passes the test, it is operated normally. However, if the node fails the test, it
is operated in the sleep mode.

Further in accordance with a preferred embodiment of the present invention the
communications cabling interface is internal to at least one of the plurality of nodes.

Still further in accordance with a preferred embodiment of the present

invention the communications cabling interface is external to at least one of the plurality of

nodes.
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communi cation cabling w thout unacceptabl e degradation of the digital
comuni cation. -Still further in accordance with a preferred enbodi nent of
the present invention the comunication cabling includes at | east one
twisted wire pair connected to each node and wherein power is transmtted

over a tw sted W reqaaidna® onGcwhiisfie dRl:R Aspréxké&{ eHb@H‘i%{EH to@Che present
Additionally in accordance with a preferred enbodi nent of the present

i nvent i on'"Y§EOR dhiAveasurely dsEbRAg IS ARTTEEYe Previde edestricalugorel dlPRsl thei r e
pairs conggghsghation czﬁfﬁﬁb WRREE LN g Qéé?acﬁ@f\ﬁﬁ ffh@ dt n@%’ﬂrﬁ&n‘?&n@?[er a

twisted wire pair diffefent fromthat along ata Is transmtted.
Preferably the powetllstugppry idiagtorddsag orith ¢ @fﬁéﬁsﬁdl vabedmpriopf dbe alresentr i cal

power ah%le‘ihu&:h&e%ﬁ%%ﬂ!e&@édc% Qélh a‘MéaEke L naacant skl c%ngegc d%’@%dhon of

the digital conmuni cation. |on conmuni cat’i on ca

i ncl ude artodt @ad tvhereén pwwgtledrammleted pakr a ¢wistrgcwied paio a@alghwlmohiéatan@l aWher ein
power pytted over a twisted wire pair along which data is also
transmtte urther nore in accordance with a preferred enbodi nent of the
present i nventl onAtitieotadiynisnacatdaoce calil iangrefaredueesodimedtea thd weeséns st ed
wire pairs connected to. each,node power is transmtted over a
ol ot b WRieRBRORE' Gt Gicafi FeBd SrREa b G B MG el e el o8

Pr ef er ableychi fvde podvhersiapolvgr @itGhdnhiled OveriaSwipalnditd e diffeRhOfbdehflRagr i cal
power v&:']c%d%he comuni cation cabling w thout unacceptabl e degradation of
the digit ATEHYS%n. Further in accordance with a preferred

enbodi nent of the pieRsANf thi ewatmgaymﬁabu@&rrwg%r&%'t@Br&ﬁ%aldléagucmwes at
least one twisted wire pair connected to each node and wherein power is

transmi t 2988 other campynsaERn \Rbling uirhoun| erpgosiabisn deatadation xfsshe rdigitehi tt ed.
Still fugbhghnitfiqaccordance with a preferred enbodi ment of the present

i nvention the communication cabling includes at |east two twisted wire

pai rs connected t oAddtemiindgeomminwhtererablipgweay induderatrieant encahitedewvira

tui sted it @ity 8 LERLEA LAl A8 iOMnec L E R SIat i L2IATREAET

Mor eover "in accordance wth a prefe e pres
t he hub whhdatesds asammamitsdnuni cati on concentrator, the power suppl y

Glstributor I udtaud bude SPIROSGL: SIPTAMRIEN: Q008 gl 3,
concent r atventionithe tivemonindiionembling inblederosteleadt heo eelttidneire pairs connected to

each node and wherein power is transmitted over a twisted wire pair different from that along

which data is transmitted.

Preferably the power supply distributor is operative to provide electrical power
along the communication cabling without unacceptable degradation of the digital
communication.

Further in accordance with a preferred embodiment of the present invention the
communication cabling includes at least one twisted wire pair connected to each node and
wherein power is transmitted over a twisted wire pair along which data is also transmitted.

Still further in accordance with a preferred embodiment of the present
mvention the communication cabling includes at least two twisted wire pairs connected to
each node and wherein power 1s transmitted over a twisted wire pair different from that along
which data is transmitted.

Moreover in accordance with a preferred embodiment of the present invention

the hub includes a data communication concentrator, the power supply distributor includes a
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includes a plurality of couplers and a plurality of filters and a plurality
of smart power allocation and reporting circuits (SPEARs), each coupl er
bei ng connected via a filter and a SPEAR to an output of said power
supply, and the SPEAR is operative to report to the managenent and control

unit the cunbieat acanssERPEltMdGbn@oinatteatoReatedpbRerRt Qmiitdieh chtlin
accordance with a pl:eferred .enbodi nent of the presént invention the ﬁub

pres .
i ncl udes S°HSr'A 528 FUBTRYTFUEB FERIFIIATH M2 i SOBRiRET tostip pPye. dies eqriraror
i ncl udes acludednti pleraligner Soup@netn® WPl reﬂﬁ&g@dﬂiacﬁﬂiira(?i%%@l%lnjaﬁgp&z%?nem S

B
t he data c1 mvuni cation concentrator via the conbiner to t'he nodes, the
conbi ner BGFPYPLY EPRItE Y SPEABSpIcesi coupted bainglcanedciedyvioh flier prd 8 and

a pluraliSyeek DR buiBRWeS s &JQ\Q@I é@?lly?ré‘fld rtﬁ@ggﬁjé%%i\gp%%’d% So r%p%ﬁ%oaﬁl:i he

each coupl er being connected via a er and an output
pover suPprazCmaREnd kanSpEAResugprtrcansurentioo of i mde cohmecregxhereto cur r ent
supplied to a node g gebhected : ti.vel cording to.a
preferred enbodi nent o t he&p?%giﬁtﬁ fl|9 \r/égs%l'{r?%ér%%toﬁlg%nm%%? Hﬁefﬁn&g“sverém&atp %
comuni calyborciugesc e riataatanmunitasiop owerensampl the giosker isipplyo distritaiterdiesludes a

Communt caty i BB nspRBinb, HE CoR BT P Brnsoahe S8 eutior

conmuni cat1on  conc via

i ncl udes @nggntra@k iviaythefcombingt er the aides, shepbanitider teympfisdsid piaFSitABE caliplers

pl urali tyangfa s]rmar%)ép?\gﬁr al Idocaﬁi oln aogd reporti nq circuits (SPEARS), each
coupl er B&F igPEEHive Of dHters 4ida? Piyrpidy ipanalt apksrtliogation yidk FROTtBE KB ower
supply, aSBEARbE essRERoleSbaetoahbdt & 4i@ adtli-p iRt 4 SREAK (iaf CRNEEE e pBRee
connected thereto di aying an _overcurrent condition foll'ow ng él apse of
a progra ’ya‘lﬁfgﬁeggﬁﬁﬁn’éd’pﬁ&“i"%d‘) Jfmit j the maxHee | rrght suriphiedde or dedrce

W th a prefretegd@heabodi mrent of the present invention the hub includes a
data communi cati on concentrator, the power supply distributor includes a
conbi ner and a powdftedgpyalyacceriinedtomasefeced ¢rorediadit of thequenentingentihe thetat a

coMMUN C Ak QLISRNGL Bl A MnukicRridd Eork AT tnd ot d1%uBRYRerblS SRR
i ncludes a g,l urality of couplers and a pfurality or Y i frers ang a
pl ur al i t $oBPINgMRNdta pesresrsupply.dbatoomunnatione@blitg omneds teuddrs co:BREARs)on each

coupl er i e k LlLter and a, SPEAR to an out put of, the power
suppl y,  SoueRraS ARG bnth: B bk bhfls AR CoBhER BTG SRLBUHRE B om 4
node conARbelisy of ikeretnd dplspligyifsmaapooeeslbaitionnhd eqpottiba dufolSPEWRRY

el apse o I edeterm ned pod of ti and to autonmatically
r econnectgac'? ﬁgﬁﬁg;d%%%poﬁ%&%% ‘f‘ﬁafﬁz%‘f ?‘"éi(rea S% ¢ fn ﬂ'ﬂ}p’i‘t(r)rcﬁd}éer PIVEPHERNS A e

over cur r 8wtSPEGRIist dpenativbios equmitidally ACCORE3NE Bodd ddandbidd BER%S alpieyhedhment

of the present jnventi 12 the hul includes a data conmunijcation
concent r 8t 0F " ef‘#féo 8\%&&5‘1}6{)& aRfFé’? ? PIRgr R Mt prgdrerminedperio wEimand a power

supply, the comunidditiofally GAbidehRakR@NRRGt § HefHed AnfboRRNERY NLE alel Bfesent
invention the hub includes a data communication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, the combiner includes a plurality
of couplers and a plurality of filters and a plurality of smart power allocation and reporting
circuits (SPEARs), each coupler being connected via a filter and a2 SPEAR to an output of the
power supply, and the SPEAR is operative to automatically disconnect power from a node
connected thereto displaying an overcurrent condition following elapse of a programmably
predetermined period of time and to automatically reconnect the node to power thereafter
when it no longer displays the overcurrent condition.

Moreover in accordance with a preferred embodiment of the present invention
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concentrator via the conmbiner to the nodes, the conbiner includes a
plurality of couplers and a plurality of filters and a plurality of snmart
power allocation and reporting circuits (SPEARs), each coupl er being
connected via a filter and a SPEAR to an output of the power supply, and

t he SPEARthertaibudesda acdafd eﬂmmsmmmn cofticatnatbe el pedr uppll diageutbmipetbdedian from

a power ener at nal. which is proportiqnal to the. current
passing t ﬁ‘g'ggié?{r%@ OVEh G y "%P'I”&?att])(?” 5f héler?ﬁﬁﬁeérts Sar“'stgi‘té(?@ﬁn{?’i“ﬁ’ﬁatf%

si gnal fr emctieacinis EtcosenEoto taado@elssme e@a8ht ingudks alpRI L BRI age Vr ef
from respec g{w‘éence vol ﬁage sour ces. Pr eferably the ref er %%%vol t age
sources afé& 5¥ b & RGBT TG0 PP R OSTIGR cRE FeRoTHRS SERILY P-ol

i nput's fr eh RBMASEHBRY cobn&@it ViDk f0ler Gidid SREAE id Qg bytht Beweldupsly Sarf  t he
mul tiplicity of conparators may be supplied to a current limter and

swi t ch whifgRPESGeingludes; %Cp’ﬁfte“ﬂ/ﬁpioégﬂ"“\?rﬁce\‘/‘ieé3tVHEﬁcéd‘FH“erq’tﬂfé‘e%(ﬂf’“’aﬁﬂlppiy

provi des ahdCpédefibs b isnhednkd! fsag8pQHéRYto Yweungnwraaa%@rméeth}&%houﬁ@qt s of
t he conmparators are supplied to managenent & control Circuits to serve as

moni t or i ngulfippeins ofgapatitery reasivaiente signal g ihgicngent heospaing Alsor iePRIVIng Rowi ng
t hr ough tx‘%ﬁ:ré?@%ﬁhf Egﬁ&gﬁésb%mrggl nc?&% E%,%é}S‘ﬁrrc& a preferred enbodi nent

of the present ntron t ata communi cati on
concentrator, the gusterablyupplrsfentnet vallage eources pod pdgmmenale irbfereace solthga power

supply. g COMMALARL AR ARl ROCOMSELG: k18 HalRqgomuni cat i on

concentrator viat he conbi ner includes a
plurality of coupl eﬁrcﬁrt@aellry ok om/cputsmfltilmhﬂldphcx@toflc&xaﬁz{ratarsm&iyrbecshpplied to

t ransf or ner, Sri_en?élc at a,sec ary ere Vi a

e e o et el 9t ni Begrhnbly SusE YA Pt et carph it o
Furt her ignoxadesczrdmﬁrehmatédrmﬂtageejtprrr\eﬁh enbodi nent of the present i nvention

the hub includes co ni catr concentr at or power
di stributor incl uo@gﬁ QBT AP 8 &e;f&werfaeuweywiﬁ '8 JHATRAT %?%n

cabl i ng comMM@UiIBuk® Btas aRTIbMCRARLO ProvRIRGERt hatcd regdtdnd e THOBRder to t
he nodes,, and the combiner includes a plurality of couplers each of which

i ncl udes fg’f""‘l‘%@é‘?“g@ﬁ}@ﬁ? REMH&f ormer, which is characterized in that it

includes a Second@&dﬁxfm&l@hlﬂ %c&ﬂhé:&e'xﬁhp al PRi:RAAEMRinnD HNGe lesknd
capaci tor which is connected between the two separate w ndi ngs and which

ef f ect i vaRYENEeh Hischub ipdedes\godajd prinmuRicatian sepqeatsator; die pevghsupplygdietrbytor
signal s, umudeefei €64bi&! ¥nd §%&re?§l h@? M MRS blindConncts thel 4dtd her 1 n

accordance wth a preferred ‘enbo nt of the present 13 invention the hub
i ncl udes campanEadehRensewzaidrovia che cembinert or thetrr@éeqo@merchesqq@mu}erdn@udqswt or

Idgf L‘Udes pﬂnrﬁﬁmf Q:%[xpla's ROWELr %Jlﬂgﬂl 1XCIU<§&I§ Gt (&Y Bh? %% tr%fo%%glls! Q&h%@ﬂl@q s the

center tap at a secondary thereof via which the DC voltage is fed to each wire of a twisted pair
connected thereto.

Further in accordance with a preferred embodiment of the present invention the
hub includes a data communication concentrator, the power supply distributor includes a
combiner and a power supply, the communication cabling connects the data communication
concentrator via the combiner to the nodes, and the combiner includes a plurality of couplers
each of which includes at least orle transformer, which is characterized in that it includes a
secondary which 1s split into two separate windings and a capacitor which is connected
between the two separate windings and which effectively connects the two windings in series
for high frequency signals, but effectively isolates the two windings for DC.

Stll further in accordance with a preferred embodiment of the present

-
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conmuni cation concentrator via the combiner to the nodes, and the conbi ner

includes a pair of capacitors which effectively block DC fromreaching the

data communi cation concentrator. Still further in accordance with a

preferred _enbodi nent of the present invention the hub includes a data

comuni catTvER1¥bive dnb ratledes a frsa powernisupplopnaing ot bt grwerisagllydesibator

conbi ner aRaidds POV LSPPL Y, L he muypi cation.cabling.connects the data

comuni cation concentrator Ni aé?t %”g’BM‘% n%fmfuémtaﬁ%n ﬁ&@%, BT hEScB#bi ner

- conpr i sescamBunisaimscontertapacid tre sombinchioehd asies vl YhddoatkaPGefudem peachi ng
the data g9 i L: ncent.r at Additionally in accordance with a

preferred e%ﬂ%O@%IQ%F ﬁc‘ﬁgeg&é%c n[?é EPRVER ingﬁﬁet  TH R 0l e CER A

conmuni cati on concehilr dunlier ichecqedste SUPPkYp@dietded | Pic@lment N tdeSredent

conbi ner iggnt%nqgmgr SUFLgilﬁé/’ dtéhe conmmuni.cati on cabling connects the data

conmuni cat oh CoRt et FE{GIES 9195 FE HEHH e FOTCENHE. HEdewer apain deribwabi ner

i ncl udes iaclused h-dalbanrei 49 £paet b@iph), @86 caRduhicBRs, HTBE -cohnd®&S:HE 0PN
node coupling circuit. Preferab t he conmuni cations cabling interface

| .
i ncl udes & PP FoRFgror is*aiﬂﬁey BAMRIRANS Hhsrripeess andtie lsombinEnepreprsentver t ap
at a primatry éthespeetory 'V@him'e@f@cﬁd@@ Pc 93¢ afien 'rézg./chg?rét %?C&a?ad CE)&%@PI;%,%?‘E%W re

of a twisted pair connected thereto. Additionall ternative
comuni c OGOl i ng i nterface includes a separator including at |east

one transforner, i300;: 4 r ized..in that it incl.udes rinar
which is split i n\t,\llc;}dt@_I\/%vlé)l nglé%g?a%g&\%garféi ‘%Sié aar?p%an%éaﬁg@?%’ m\/\ﬁ? éhgip?semy
connect edsatige die hubhaclude s dparcanheunicndinngscandionthe powdfaphl, dakymeannect s

the two windings jn.series for high, frequency . signals, but effectively
i sol at es\ﬁ%‘%gde?v\% C\é\n&r’fﬁ?{lﬁgéfa of e g‘ﬁW‘t r 'XI{I%‘%B 1§ EeRghHShe 48t ng

i nt er f aceoinmeinindden gorsepastat oz the @oPbingi RYtR Rck, O BARBE LI TicMiesh
effectively Q‘I 8:‘:31}1( DC fro rea‘?hi ng a data input of a node connected
t her et 0. ~AGATE onar PY-TN 8 GBT HAREETGEH QMBI BeGesqURliSsHEHEnt of t he

present inventi onPicheailpnhalsbealhioR®nS aMlingGinterbed fiaGGed GLMEAS 8nd a
separator_.co i t airs of capacitors which effectively block DC

risin WO
from realHl R I’glsgoé{ngrs‘ FASHDAYRE & ComBeTdara ApsErBttherref e a/hichdbie PCodirgsyisor

al t er nat extecyed fidn ERAWUR Sraltvdial falkbhitdel Mephbace includes a separator
i ncl udes a sel f-bal anci ng capacitor-1ess and transforner-|less conmon node

coupling circuit. #tfitipealyio diemarhnte camminizajensicablingdinembodinehides of t he
present il ABGRE 4eRPURe I RnBBRLAT LKA Q ROL Sl o1 Hocti goalidy and

sl eep nmode functionality. Still furt I'n accordancé with a preferred

enbodi nePfEmEY Wieh {5spléteinto two separate windings and a capacitor which is connected between
the two separate windings and which effectively connects the two windings in series for high
frequency signals, but effectively isolates the two windings for DC.

Furthermore the communications cabling interface includes a separator
comprising a pair of capacitors which effectively block DC from reaching a data input of a
node connected thereto,

Additionally in accordance with a preferred embodiment of the present
invention the communications cabling interface includes a separator comprising two pairs of
capacitors which effectively block DC from reaching a data input of a node connected thereto.

Additionally or alternatively the communications cabling interface includes a
separator includes a self-balancing capacitor-less and transformer-less common mode
coupling circuit.

Further in accordance with a preferred embodiment of the present invention the
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i nvention the node includes a controller, a switch, nonitoring circuitry,
at | east one power supply and node circuitry and wherein the switch
receives a control input fromthe controller which receives a control

i nput fro or. as |. as. a control input fromthe nonitoring

ci rcui try,rHOH ?coﬁgggvégmof%hﬂ’vm%w %rbdr Sgifpﬂfg{eﬁf”ql@%‘ﬁy-one power supply.
Addi tional l'y in acc8tidafegerwint Be@rgunef eritted prROdE NBod@hedt N BL$8RLN

i nventi oni]{]\]ﬂé ti@nogg al.so i ncl udes ﬂ power supply and wherein the power

suppl y i ndT (A% aF "Eda{uisha PRENLT e aBiie: SREF gy S tiEiage 2olcaterie. POREr e i s

further psepdided idieatedrdanchmbinhaspiaf @fdhad 2Rl iRREAf tHESnflpSent
i nventi onw%.local. area network including a hub, a plurality of nodes, a

conmuni cat 6h TCEREF FFGUEY HrRE PRGNS singo s el as taycostrolripris rotrothe rothighing or

provi di ng celatiay, GangRis ic6@tnb AN, podekddy tp@m&sts&rfgglo%ep;u?éfyi butor operative to
~provide at | east sonme _ogperating power to at |east so of the plurality of

nodes via the conmuinédfeiabh i abcpivgnCet Wethpowisefesedsmpodinsty idfuther present
| ncl udi ngiemeh IBAAECARAnchACE bORE! dub¥ly JHNHIRL, f d\f\.ﬁéﬁ%ﬁ%%ﬁﬂ#? P

preferred enbodi nent of the present in Ion t e
f unct i onal¢rtPreyEskirgepbleraergn piolagcofempomer to at | east some of the plurality

of nodes via the cofunj I l.ing. Preferabl he ,power,. managenent
functionality nonitor sfsané eﬁ&ﬁ%’é‘%@ P RECH ST thlnas\é??%we{;ﬁ“@gd%tﬁ s

Fur t her noprésent heeqponerlocaremagawerk infludiog & hoB| 4 flyraBENTSIQY L ESHmuBREtion
situation .Qower. cut offs a pproprijate, Still further in
accor dan c%bgm&td%o‘%g&g@ég %Irg ggah(%% or&dﬁ%tr?ttg%?‘ﬁ} ﬁé p‘%l”@ 12 GORPBHEGESQNL 30 2power
managemeriowen setplsodiadribtinsr opestat &S ptdvidatat |@ASdomRNBeRtin@ PowiUB |t adl $mePOVET
‘managerren(;f {F{Qdef ﬂd a.voluntary power panagenent node. Preferably, in the

a .
i nvol unt at y B R afh §atRinEa FBYcoBmuBisation ceting the Rewssosweplys dispiiutor

di st ri butiocludiegs@serananatdneat fuftiophlidynsuf fi ci ent power availability for
power transm ssion_over .the communications cabling to the nodes, it

suppl i es a reducedFRRs M 2cotrdpsaatithapreferpdemiodimens obthe prrsentdakestion the
Fur t her nyyosver inBRicPRWRT i SBRIYY &1 i I l. . hoRutS to
t he nodtransqjto causge t hem t_gél%ypgejdrvg%% t%stugﬂ?@ggg\g%'tg\ét\ggﬁ%@g@f%&ﬂhp?l%{ ally
i n accor PARREESWE b commpRieations exhbiogi Prsfiratdy thehpowpr esamgemdnn\femdtionality he
vol unt ar y\nd@wRr e at i r e wer availability is
mandat ed at cert ai %ﬁtglgérrgggﬁj %;B% ?%3%8%@%? bv&??e #g‘oggg&lﬂﬁmlgcég? dANCE with
a pref er MEAEEMSHH| frpqiondtty tseesepr ecemireinsitwmitioon adnd  tffetp poeer nansEe rENt
functi onghibyidincl udes at |east one of the follow ng functional elenents:
i nterrogating the comruni cati ons cabling connection to nodes, to which it
is Still further in accordance with a preferred embodiment of the present

invention the power management functionality operates in at least one of an involuntary
power management mode and & voluntary power management mode. Preferably, in the
involuntary power management mode of operation, if the power supply distributor senses a
situation of insufficient power availability for power transmission over the communications
cabiing to the nodes, it supplies a reduced amount of power to at least some of the nodes.
Furthermore, the power supply distributor also provides control inputs to the nodes to cause
them to operate in a reduced power mode.

Additionally in accordance with a preferred embodiment of the present
invention the voluntary power management mode of operation, reduced power availability is
mandated at certain times of reduced activity.

Moreover in accordance with a preferred embodiment of the present invention
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intended to transmt power over the conmunications cabling; setting
i ndi vidual voltage and current limts for nodes based at |east on results
of interrogating the conmunications cabling connection to nodes and

pr e- def i neghe pesdiFelo@hsbemS N Al R0 Sl FRUSIST ANRL: NGhTES 53985 1 ohnd REncrihelyot €
node; and reporting status of a |line connected to the node to £ managemnment

work st at Flﬁfﬁ?mgﬂ FIroRaithéle Pomaerierdancedg omepief er netisenbedidrent is of
the presentyd.f¥eN ﬂrﬂﬁm‘ithﬁ)“&?%ér ﬂﬂ@@%%ﬂ%ﬁ%ﬁé%ﬁ&"n%n%Jsth.Igcy mHPdeu%! Yol CalmﬁJ de
at | east one of the following functional e enents® vo tage 1S neasured at
an out put ®frephiempoigemodesisbsd ¢ilsast Pbeasoits of istroespgni agnitmictbhnebliog
which it igshatieRded iR L, 5] rover the comminications cabli in
t he absencenof 1power Otérge{ing%?‘i g%%]r?gt% %%rm eegffrgnsﬁ?é}?gf Slfl%reg]éa%%n(%{”fﬁ & e?fﬁ??fetootpgt he
vol t age i sremhiegiraie; tivhrepartipgetsterim fied cpnogranmabt @oddroes hehayentdhe worine i s
classified,as having a voltage present thereon froman external source. |f
t he absol ute value of the voltage is not higher than the predeterm ned
programmabl e threshékill, fuatheurin entorkitiet with §Qirefefed dphedielets WNAE present

progr ammabl e val Hl% and power istaé‘r ansm.tted e}l ong the line. Thereafter, the
vol tage ardt’PHE" MERPPERMasiEMRLR BT aaly Tayerlpunplyte gilcashengohigs fdigpina

di stribut Gindtiofalt flemehthevaiagatis | Rasire®Ne anPLEGEL BF M Gowa QFpRTHRRILG ] e,
based on the forggol ng nmeasurenents the status of the node'and the Iine to

which it iSTEHARYES &y2ding tQ@thighnit Antnienped e Hrapinyt pewer ayet therdomaingtations t he
status of ckhimgnRdR ARGt BEdwe & ahdatsdles 2 |

det er i nat ons: NO LOAD \/ﬁ’EN (G e Bioh £ e AR Y%AM‘%?@%Q%Q,
FOR ALL Tiughypthams prsderrmictRaorrmdbi thisshold, tslinaND cRbEFidBSGaUTE 2 VAltAgE OF -
10 > 13, RER | N \out. T V4 AND .THE ABSOLUTE
VALUE OF FOTI Efe%&r%%l fromd el el e BU LA G e R A AR O T 5 v
AND THE ABSOPRUSHEeNMntE nOFerk@Tikble SthGRABE AABGCIUTEN Ak Ut G k r2detan@®Rd THE
ABSOLUTE >i er.e. A LOAD cqonditiaon is one in which a node
is not co}wgnéct e‘%%%ﬁﬁ%g'?q %Aé;.oerAs g?&gtﬁw %eg‘(ﬁ‘ﬁdﬁf‘i‘"@%‘e? gheo'f“fﬂtatg?la fheh a
short ci r current exci m¢asued rots qugat bf the pbereanpregatibver &P Meueteor St Rhsttdie | i ne
upstream @Qf .the .node or in.the no A N TC LOAD condition i s one ipt whi ch

e.
a Net wor k PIEAESTHACE Prgraah ee“PF’aﬂasSF%PHéPe 'gregoing measurements the status of the
node and the line to which it is connected are determined. Preferably, the determination of the

status of the node and the line includes at least one of the following determinations:
NOLOAD  WHEN Vout > V2 AND THE ABSOLUTE VALUE OF 10 <12,
FOR ALL T1, T2, T3
SHORT CIRCUIT WHEN Vout < V3 AND THE ABSOLUTE VALUE OF IO >
I3, FOR ALL T1, T2, T3
{ NICLOAD WHEN VoutT3 < V4 AND
THE ABSOLUTE VALUE OF I0T1<IOT2<IQT3
POL LOAD WHEN VoutT1>V35 AND VoutT2>V5 AND VoutT3>V5
AND THE ABSOLUTE VALUE OF IOT1>15 OR
THE ABSOLUTE VALUE OF IO0T2>IS OR
THE ABSOLUTE VALUE OF 10T3>15.
where
A NO LOAD condition is one in which a node is not connected to the line.

A SHORT CIRCUIT condition is one in which a short circuit exists across positive
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connected across the line at the node. A POL LOAD condition is one in which
a Power Over LAN separator is connected across the |ine at the node. VOis
the voltage at the output of the power supply distributor for the line. V1
is a predeterm ned progranmmabl e value which is arrived at by neasuring the
hi ghest p val-ue of voltage Vout for eri,od of a few m nutes when power
i s not t‘r‘%gé(nge atlf’%(c"lonéiflgﬁﬁ (?%ée e Nesrs3! cf%sﬂpeamg?@alélttaer?ﬂdﬁ'ed progr ammabl e

val ue whi ch i sAaKT( LedIatodiytiameashy innghitihe Netvawke Sitendatk derdofineveintfage:r Vout

for a pericod otf a fEV\tl -nhnutegewhen power is not transmitted along the line
and when ROUFEEHFSSIBRABRTHEME M ween +Vout and -Vout at the output of said
power supply dASEOLbIGAD chbaditidme drcrie;whh 4 Bowerphadeer ripaehrpy aghanamebl e
val ue which is arrived at, by measuring the highest peak val ue of voltage
Vout for é"rﬁﬁrﬂi‘%@l’“’oﬁtﬂé‘f 198 mi nut es when power is not transmitted al ong the
line and when w0he£GkSbREA: iHS GRMNEGLEFHREEMRBNIiHMOMEr BPdeii¥OUt at the

out put of said power supply distributor for the line; V4 is a predeterm ned
pr ogr anmabl e v‘éﬁ)ué anpicaeeTingst Bfogragmapleal #us ddickt is pyriveded s MAFUERR i ghest
peak val Uﬁigﬁ?efst kit agRie VRUoif20E ouPghd 9%heptha Bff £ RIHLES WABE BoRRMRS nls 1Ot
transmtted along the |Iine and when a resistance is connected between +Vout
and - Vout trapsmittadealengttpetinegf sai d power supply distributor for the line; V5
is a predeterm p ahl j r. VRl . eshol d
Vel e of Vin G o BRGATTRY fokhEec TSRS £ Y BLSRd BeSS
Vout neaslowed vatucaoff vaitege VionefoTla; perivd ot TZew snivigas whempeweds abt asmiedd ti me
T2; Vout 3 | ut sure t. athird tinme 1O he.current. f.l.ow ng
2t the outins et raf BRERE Tal it rred v Ve i et A€ P rstiphe

pr edet er npaved syppdgdiatmivator €orvid lie; of t he out put of the power supply

di stributor fq}r{%the l'i ne; 12di S a regieteqm' nﬁd progragmallgl e val ue ichis
arrived at by Yredbsari RETRE e RREATMAREMRMFaVIED 3t 2TWED &L Y REESY % BE 4
peri od ofhighkepedd RulLe D WoRBed WORI fdrSa Refiod bf ANl Mikeksalbdd pbl& si e and
when no | oad is connected at the output of the power supply djstributor
for the Ifaemities alpggitle 1&%@85‘@%ﬁﬁ?%é@%%@?%ﬁﬁ?&%@ve%rﬁeuwﬁ# cHOYtEt BEy j ved

at by measuut BOsaid'SowdPsipgp BisiBlLitee iR fnelil@, current TO for a period of a few

m nut es when power is not transmtted o )
4 1s a predetermined programmable value which is preferably amived at by

measuring the highest peak value of voltage Vout for a period of a few minutes when power is
not transmitted along the line and when a resistance is connected between +Vout and -Vout at
the output of said power supply distributor for the line;

V5 is a predetermined programmable value, which represents a typical threshold value
of Vin at which a node power supply commences operation;

VoutT1 is Vout measured at a first time T1,

VoutT2 is Vout measured at a second time T2;

VoutT3 is Vout measured at a third time T3;

10 is the current flowing at the output of the power supply distributor for the line;

IL1 is the predetermined programmable value of the output of the power supply
distributor for the line;

12 is a predetermined programmable value which is arrived at by measuring the
maximum peak value of the current 10 for a period of a few minutes when power is not
transmitted along the line and when no load is connected at the output of the power supply

distributor for the line;
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along the line and when a resistance is connected between +Vout and - Vout
at the output of said power supply distributor for the line; 15 is a

pr edet er mi ned progranmabl e val ue which is arrived at by neasuring the

maxi mum peak value of the current 10 for a period of a few m nutes when
power is not i3 ansPrédeRGmile@NPodrh8mkbiaeyAnd n; 2 - t at
t he output of the p(r)ﬂvver suppl 139 édi stributor %ﬁtlﬁ%“{eﬁy }5? ”%%'Ell{;ﬁgstﬁ%j'o
measur ed StMEUHEYEYe of thomrenslO for gpsged e &t Mitktes Fhen poweer i GM3rangnil@
measur ed abng 488intdnd Filfch NeksidhhcaceQsdancepr L, ayprelerved enbodiment of
t he present 1nvention the power nmanagenent functi onal i ty 1 ncl ides

f unct i onafdid POWFsupRIn Fisouieg famee Iirgnagi ng power  consunption during nor nal
operation conpfsi se S| ) Qr .each naode. Preferably the

oncti onal ity For mBn Earing ARg mimadt BREOuERr SoACRpt on Morthes Ao ma
oper at i onmaEEWpY bepksvatenst g couent diit fdror pemdhofiofter mnugesgeiner pder icyel i ¢
manner. F t . tionality .for nonitoring and nagi n wer
consunpt it'(I)I&{nr;S Stgeilaﬁag&] O@%FL (%)gée:‘rvg i on lorfaéﬁs connegtes AL g tpé‘bﬂ%fm?id’ogﬁf g@r%ﬁ” f or
each nodedistnbutoofopéheiling; sensed current with programmably predeternined
reference val Lt?ﬁ,lf.o 0 each Idi ne. ﬁ?-di tionally in accordance with a preferred
embodi ment of ‘the 'pref&MrehidhiBhtilon each node may be classified as being
over-current, 10Mdes KEheiQrd a0imOPe@d. The over-current classification

i ncl udes pr ogrgw adj ust abl e_t hreshol ds. Moreover in accordance with a
preferred embddi Prasifed abimedAt i nvention the normal classification

includes at |east @R@h&fin LdeBrdhlelvWM NereRHRA Qﬁaﬂécﬁinfeﬂtcoggﬂﬁgngés\:%nfiﬁ%ég&’ignt de,

sl eep node, and | ow power node. Furthernore in accor reterred
enbodi nePPWEt MERgeHcaisEAetionpliy eralidss fetveiofaline faranaliotiyg fmd mapadisopiwg and

managi Ng BRNEIptie R ASH P 21 k; ; perat i I s ;operalive.to.control
t he operation pol_f nolléllgg; C as%?#a?lglgcg}gﬁ%%lg ﬁeélglggé:?{r%nggcrreeﬁfh %d’et %reeiler%) fh§ of at
| east ondurstioralisy ffer Imewiteringf ami trizprging tpows: codsuoptioedtriad narmadepeexivreds a

regul ar : Ld.for.at |east predeterm ned tine ower to
t hat nodggﬁﬁgﬁﬁa&g e{cl)%?E ggl?gexg%?ﬁgg(:hp?%dﬁeine? rﬁeﬂeerﬁﬁl‘f icﬁ’gfc BAFIEEnt EREEEPicedt o a
node is Mectipeality for embritoriex oeletamgini gowey ednsaripti@nduring R6@84 WJperatian ehagt

| east ongls'bgﬁ ﬁ{dgesdtilar'{e thrteﬁgholg ia defi ned bet Weee}p a regul ar over-current
t hreshol d and said higi oVePt EIF MeRT 25T T41RERE Seifer SHsPEwER SFOFHIBRY e to
cut - of f psdéBrmietdrefirered valsesdof ¢k tih@n of which of such internediate
thresholds is exce‘g&cﬁgwﬁurl her in accordance with a Preferred enbodi nent

of the present inv ¥ @ accordance with a preferred embodiment of the present
- invention each node may be classified as being over-current, under-current or normal. The
over-current classification inclides programmably adjustable thresholds.

Moreover in accordance with a preferred embodiment of the present invention
the normal classification includes at least one of the following sub-classifications: active
mode, steep mode, and low-power mode.

Furthermore in accordance with a preferred embodiment of the present
invention the functionality for monitoring and managing power consumption during normal
operation is operative to control the operation of nodes classified as being over-current on the
basis of at least one of the following functionalities: if current at a node exceeds a regular
over-current threshold for at least a predetermined time, power to that node is cut off after the
predetermined time, current supplied to a node is not permitted to exceed a high over-current
threshold, and at least one intermediate threshold is defined between a regular over-current

threshold and said high over-current threshold and a predetermined time to cut-off is
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functionality for nonitoning and managi ng power consunption during nor nal
operation is operative to control the operation of nodes classified as

bei ng under-current on the basis of at ]cast one of the follow ng
functionalities: within a relatively short predetermned tine follow ng
detection, of an under-current nqde, which predetermned ti is selected to
oot oleBsT el T S EEHE PG o Se A Fr T LR A5 Ech node | <
termnated Still foGdlen dBordgakefaange: wirddembdiaéRr 8d peabadivaaiin 9F t he

present _nventjion, the |ocal area network includes functionality. for
moni t or i AYPOPBHAY FOTCRIPRISHES PPOWREESING BP Y HWRCISHHPYAY $HT08) 1OTE% e PRATIR U I ent

flow to abkrapfe bhentQRSopRMEFn 8f hod®f clhRFieli B @8ink inBBRHubeREsH the WARY &40 t he
overall current flowis conpared with a programmably predeterm ned

ref er encd®asy grue! Endolnviehdurasndivgs vhig €JmpHYS GROT t RedsemEedSUppl y
di stri butslowaRd aliBRioARAES un&PRNBGE 8dad REESGT QealiEnlifeiNels £lcaR8id heddas

bei ng over-current or normal. Additionally in accordance with a preferred
enmbodi nenpdestred fepopseenise, shpple af ¢ustent ihsuedhandeduterringted| assi fi cati on

| no udes prograrmugy dilshalledieahl Aorokirkd dfllfifh: Lt aEcpdance

with a preferred enbodi nment the present "~ 1nvention the functionality for
moni t or i myeaiak, thedegl aga powenrk iodmks fiptciiomnlidufor mpnitorimgdverdparani Bew ks
operativ o contral. the er at jon. of r suppl isLri.butar | assified
e bet ng st RefP pVSHPRREALASD Ol BONE rod PR af i B BiefesfioRS:

f unct i onalhkdeirethe ovdrall berreay owlis cangarenivith @yeegdsmablyqgedetarmined rafetence
over-current threshold for, at | east. a predeterm ned ti power, to .at

| east so ”ﬁoﬂ’gsoq cebasiedt &Edi?é‘&’&”ﬁcfn’ Rf PEVET SYRP rd’csﬁg’%mre BeANEY ti e,
and in apynnesedihererd € tRWREAIdssiGRI £s8RRingl Sen@irrddebMdringd t 0 exceed a high
overall over-current threshold, which exceeds said regular overall
over-current threshiitipnalihinAraprdinge Ut g #FEeTH cAbadigeat &f r'88 RIATBUI ment

of the prRe@Ri thdWRALhAR: clifBicRNRCISIR BRog-ahshsil RyLahbIE aireghoRart of said
hub. Alternatively ﬁower supply distributor does not formpart of said

hub. Additional |y S 866 daricerdinen e Perferred cahpdimiere st BF RIAE Hr esent
i nventi opytiRni Al &MPBILAL Sol RbRENAL DA %a%a%ﬁg Al VBB B idzCHnar

overal | over-current thfeshold ang' the high overall over-curréent threshold
and a preRRstionns erechtive teconbolahe operftion of powererupplyalistalutersiclasifiedss eingnhi ch

SR il i SR R A i TR L SR Tl i
di st ri butsgeredss repiéar avergld ovap-cneputhreshoduor grieask epeddeictminsd fimeapdvosr tofit each
1o, 20k AHEpRRISE BUDRLYCSLILRLRS 1o MR e TR, B &7
an i npende nyeehangentiin nbthgertitre @dtexceed a high overall over-current threshold, which

© exceeds said regular overall over-current threshold.

Moreover in accordance with a preferred embodiment of the present invention
the power supply distributor forms part of said hub. Alternatively power supply distributor
does not form part of said hub.

Additionally in accordance with a preferred embodiment of the present
invention the intermediate thresholds are defined between the regular overall over-current
threshold and the high overall over-current threshold and a predetermined time to cut-off is
determined as a function of which of such intermediate thresholds is exceeded.

Stll further in accordance with a preferred embodiment of the present
invention the power supply distributor is operative to report a current level classification of

each node and of the power supply distributor to an external monitoring system. Preferably
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thereto. Additionally or alternatively the power supply distributor is
operative to provide at |east one of full and no functionality operation
to individual nodes in involuntary power rmanagenent operation. Furthernore
t he power ,supply distribution is operative in accordance with at | east
sone of tH& ‘?gij%/‘ﬁﬁi RoCPFainettp orali tydes jofiani ialpeydidetceidze Ni 18 Eheert QLgl;, pover
avai | abl ethefetd tAddasn hr |. . power that jt is currently supplying
to the nodes, deter mwﬁ&il nga'?eﬁtéﬁ%re %ﬁg‘?ﬂj%vﬁ%rhﬁuﬁplﬁéﬁ%@ﬁ%‘ﬁé’P‘éfﬁFYeeWt prewdalat power
consunpt i 67t CFPO’ 8 andencc funceertalityotmkatpowerindianiak!l Akl it Yoo TRAYy E%ﬂ

TPC/ TPA i;ﬁar{ag&ﬁer;tlg,ggragor{_i rst threshold, supplying full power to g I'tional
nodes one-by-one on a prioritized basis; and if TPC/ TPA is greater than a
second threshol d, Fhitgirenrd tarpsat dufly Stsirtbli@SHeh&a i iﬁ%@@&@eﬁi‘c%: Q%B%{)V‘er to

i ndi vi duaf,spades -by-one on a.prioritized baslis. However, I TPA i s
bet ween said fi r%ﬁtﬂgﬁod%)sé’é%ﬁﬁcn?wl&sH‘&laéfg JdejeHmini e thy tid powenetihige taitnew

node reqak regd! power fotanpovwdr ManaWsN@gentLaM I Es rognd @ node having a
| ower prir&ﬁﬁﬂhih%%f‘wt heIh new node is curr)gnﬁp;}qr%égﬁ)\?i@ﬁla eﬁbvc\igrefmmmg the
di sconnect i ng tne 'Ower pFHEFE tfalnseter corsmpbor ( TREdocba naedrit ngalt favddi gher

pri ority avidsilityo (TPAYEI. TRUTPRETs jobk 0. C i.th a preferred enbodi nent
of the pg(g:l(?nt i nyention the pgyvg_r_ ?%gp{ ;C/mg. g’férlg?l%lat SVp%;yéngopﬁé‘ FOFE 00
provi de ATCHURLPOYSS ©nePyoue o Grpriveitizadnimsis ool it TP C/TRYe tsadrb 8 thid B &R gency
over ri dethreshblddi g adhah M nt ar ower nanagenent . operati on.
Preferably the po%/ver sﬁ,p%ﬁﬁﬁoﬂrgt lrtfll}%sﬁ%lg‘r cﬁsscg'é &R | RP&ET ﬁOaE@W@ﬁgc@%t h the
fol | ow nﬁerf[fYﬁ%’Iq Bhalaneyitized bassoHomtceary if ORGP AR 2@ EMBRA tsa @ PBE AL O fbcosENST NG

an ener geRENoldd) 8&HiE t a given node, and thereafter assigning a
hi ghest priority 6’%%90‘32%%%6& e KfGiTCTBIFaPeY et i oo petemode wiquiea

pr ef er r RPEHRIBARMede having hdopereshuity tiaBUBOhiWhobNE RONES ?&Qﬂ*ﬁé{ Igdvssret ributor
|

i's oper alidbgndA 1de at |eas ne of full or no functiona operation
queue- controli egéjfjh(rg;ﬁ())%grt%/nqnw P?l‘{fof?%f)%‘?’? 356 wernestipeaie mizhtr pri®itehedatl y t he

power s} distributor is operative in accordance with the follow ng
functionality in 'i:nxgoelrunt ar ower management operation. initially
det ermining the tot I HhGRIdaace Y Tharaferred pmbodimens|of theprashe invneibn Ve

that it power senpdnidisyritadpk Yopeehitv® 1@ drovid defermini ng the rel ationship
bet ween Ogg-?ﬁ -ur rtgnt t ot al p(gj\%_/er1 C(;ngliloml)ti %ﬁiefsltP%e Ptghiwhg'gnff PERI24t al
power avarl abl ity oAy orerigeey TRividual nedss inhiamolanthiyr siwer hiieasaheht
suppl yi ngeratidh. Forefefablyo tRdghé0 n e-by-one an a queue-controll ed,
priori t%oéf%d.ba is: i TP%b TPA%EIYQ?ggi?‘é%ptlﬁa%egtlé’%dgr?&c&H?%hB’ltB,thﬁi gher

|

than safd PEstrEHmesNon dnvaligeymeeet imgeagepewespd:fiohNehintihdual cniPsigs,

one- by- a&ed fBiNpdved hl Dl dd ' wever , if TPC/TPA is 20 between said

first and second thr_?_als horfogs’, Qx?ﬁ%%?arﬁlck%bmggmga hghestpgiprity ta & Fieeodequi r es

pover, Additionally in accordance with a preferred embodiment of the present
mvention the power supply distributor is operative to provide at least one of full or no

functionality operation queue-controlled priority in involuntary power management

Preferably the power supply distributor is operative in accordance with the following
functionality in mvoluntary power management operation: initially determining the total
power available to it as well as the total power that it is curreatly supplying to all nodes,
determining the relationship between the current total power consumption (TPC) to the

current total power availability (TPA). If TPC/TPA is less than a first threshold, supplying

full power to additional nodes one-by-one on a queue-controlied, prioritized basis; if
TPC/TPA is greater than a second threshold, higher than said first threshold, disconnecting

power to individual nodes one-by-one on a prioritized basis. However, if TPC/TPA is
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and if a new node requires power, adding the new node to the bottom of the
queue. Further in accordance with a preferred enbodi nent of the present
invention the power supply distributor is operative to provide at | east
one of full or no functionality operation on a tine-sharing, prioritized
basi s in jnvohuniiaiy: RAWELFANAGEIENLquiAdLhL] {oqgl?elt[leYa @ nBld REMALIWELY the
power supply distributor is operati ve in accordance wth the follow ng
funct i onandfifa nay ﬁlcmsacfp@nrteaptwagow@m RERYE ARG o dsdoleh GAtIE GRTUE al |y
determ ning the okl ROUEE-ANALLA frelfrelnBSiEllords hent alaliopauer
that it is currently supp ying t nodes determ nlr? the relationship
bet ween trvever guppdntdistotabr po&x@rath@m@ lﬂffmiﬂ@m (&FRCpnet of lﬁhleor carfreqitonaliy al
gg\rl)\f)lryla\r/lgo ljiaag r{)rlf E);%thin-r '}Al%rmo Bnérrﬁ%d aszs | 3 euswchsﬁnetng)a}‘J%w%r Itﬂhnaksngm%r!? £ J]tl(fl(ln%
prioriti mckithasm\& tHe ﬂ'd%@’r‘ﬁ%ly ﬁlstrgpne:at:eropt-ﬂaaw az &emdmdetvhrfe&hdbﬂwagg eat er
t han sai I.rst tt hre d di sconnecti ng power ({jl Vi dunal 0 %§
one- by- o “%‘H“%{”br“i’ d?‘f‘%‘ﬂ%‘éj PAST S5 Ree OPCF‘PO”rFf@J“F FCTBBReEs THe first
and secoqﬁw‘éhﬁ\&ﬂhﬂﬁlbds ,u hd’lﬁ]bll b4 g @@ pOwwhekhRlis aurfeivly ROSEYIRE gl elsdqspwer
if a node havin %hg)irlorlty, In the sense that it ha?ﬁTﬁ’g t?t cei ving
i

power f ordet§rig e’rhetrle}?\%m“ B WRRI thg oRHETENG, 10fRle ARV r SANFHIIPLRN i's

current | uk&f bl Hevd?OMBabil Y %m@n ECTPOIPROWEIEssT thaiM iR thrb ORIl s@’pﬂ)ﬁﬁg ty
node and connecting the higher priority node to power. Addi ti on

accor dand@! {FYe 1@ addensl pedgs eRGLBHPHERN & Hmerharing: adarized pasire Ht G %és power
supply digadafd st of sécéncpﬁf?ésﬂélﬂvgre&t@r LDV id & @ARARGE, MAh R cd fovPdRnPf a

change in the power to be su ied thereto. Furthernore, the power supply
di st ri butimshivifieal negss catby-ent on ppnwaed hesis. diostevemd TOIC/TRA s berween dbrist

functi ongli L QPEFRLAIQ qglrlngdals ¥d \tgﬁéﬁer a”r?e@@ﬁode’}ﬁ}ﬂg?éck{% SFY nBONELvi

management operation. € power supp butor is n(%perau ve
i n accor dawe @rigiityhinathe bemesthasmhs bekn telmewir:g poower iy aflompet imaabhiclyis above | aI |y

d h
eterm n' N ede{errgi F? mmm{%rqv‘Fr avallzrren &ECEIVI%EOW%\A@SCOHHCCII%%%?%81@J)TatI onshi p

that it s curren y supp |ﬁds

bet ween udve:rpuomtgmbdémtcbdompm!mgthemghetfmidrmymcﬁd‘él?@)aoﬁfa the current total
power availability, (TPA) . If TPC TPA is. |ess a i.rst t shol d
B opl ying ol | MR g SFOHEIee s E REEHEE STEOHRR 5 B | oa

I"zed

basis; i invIB(HnTtRé\pbﬁerg{u@ﬁyelﬁstzﬁﬂmm iBops atend ;ﬁ'&ﬁ(&sid@hzﬁt,e nbt1geh&>ra hdSt’&rbeﬁl d
first threshol.d,. reduci ng?epower P‘g‘}fl ndi VI uaI no one- % ‘ﬁ el
prioriti SEASHARIE PRRHEP e, SUPPliefpgreion Fu B‘FI‘Weé 3 pﬂ@erfung T ggﬁbsnd

t hr eshol ggoerativBaH1 grb¥ide 38 teh® IMOITRIN 28d HENLRBO denctiBSHty BfecrRRINEH @divaiuaode
requires additjonal power; and if a new node requires power or a node

requi r esnedfdin ingAERtapoRGETer HABRSEMARS PECraHan Mefermblydipovsr isernly QIISftr’fli’élWr the new
node is Bb’é’rﬁtﬁf@tull chﬁﬁﬁﬁéev&lﬂgat ¥Wsbme GF %ﬁ&wlﬂg\?@{cnérﬁhﬁh ﬁuua!ll?v(‘l%{enﬁfnﬁ it >1’

node and supplyi ng power e new node or creased "power e
:r equi ri nthedordi pqvma?axbbimép 1t as well as the total power that it is currently supplymg to sald

nodes; determining the relationship between the current total power consumption (TPC) to the
current total power availability (TPA). If TPC/TPA is less than a first threshold, supplying
full power to additional nodes one-by-one on a prioriti'zed basis; if TPC/TPA is greater than a
second threshold, higher than said first threshold, reducing power to individual nodes
one-by-one on a prioritized basis. However, if TPC/TPA is between the first and second
thresholds, inquiring as to whether a new node requires power or a node requires additional
power; and if a new node requires power or a node requires additional power and a node
having a lower priority than the new node is currently receiving power, reducing power to the

lower priority node and supplying power to the new node or increased power to a node
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Still further in accordance with a preferred enbodi nent of the present

i nvention the power supply distributor is operative to provide at |east one
of full or reduced functionality operation with enmergency override to

i ndi vidual nodes in involuntary power management operation, Additionally
or alter nayiivel Yddiienappseér. suppl y distributor is operative in accordance
with the following functionality in involuntary power nanagenent operation.
sensing an emargenc%;“ Egthef o poREiener vathgiavpisleried esmimdtndrh esfe ket erresent

assi gni Nngindenfibg MBS bowddr t i cord W th
a preferred enbodi %rent 53?;5%/ dysnt]@é('gsrgﬁtog%r\ég%n{t%l %ﬁwg(tbﬁeigas‘?me ok 1% Hpl y© e

di stri but%?ctiogaleipse-‘rpatainv@ wigh pmel\gr:ram @I\terﬂl@am ingivéduof ndda:ls lin Oﬁvd‘[@ﬁﬂ@@dwer

f t t
e L iR S R s L (R D e A R

accor dand® aggof %whmﬁldht Mqvgng fumgédabinain inyoliuftadypoelet Rfaaigenfe@i\Bferation:
managene Nt determining .the total  power avail abI e to
it as Welrk%m%%eglﬂ%hg }) neée&/et?) é‘é’?r F[tai%veﬂd'gf{%n"t“ﬁytg%rﬁ?ﬁﬂr VISHEMES adighedfodes;
determ nlmgnwrtetheeglmmmdshl p between the current total power consunption
(TPC) to the current total \ﬁer avail ability Hé}TPA) If TPC/ TPA is |ess
than a first thres ?PVC%WF e Vﬁﬁ\,@eprEf"eﬁrega pdiziaeq ofribelpessest inygrtioni onal
power t othiwde@exvvl%}@ﬁhy cdiefiBibt Vs fopeRtive tB_‘I)_M%(flde oReRhy - Qhe op r’fu%1 or reduced
gueue- co roII rlorltlzed basis; if TPA is greater than a second
thres hoI ’&2‘& RYEAYIOR afaHeyerGoatroledr dxsiositi, inr éntiobintagy ppowesr trengetient. dual
nodes 0n9réﬂél’alﬂ?eth9npov@r u'pﬁlry' bis&®HiPas| @ermg\q}{ee{cco i Ep%tgpéelf%llbe%\é\een
the first and second thres , lnhquiring as V\Agl & new’node

T equires ﬂwﬁw 15 ing W@h@r%onwfeesnmgmm rraJIerapmvxem;tlaHdete‘rmuangwﬁw node .
requires o, power . addi t he to the
bottom iy A R IO ESoBCREAR P ey SPuilTioa 6l orent o
t he pres@qermigips the @dammhlppbmmers thepéurredi satali W@rcmmmﬁfna(m tbothpr ovi de

at | east u eration on -shari ng,

prioriti (z:ed gjst?l N ?{Iﬁ}lgﬁqﬁf gﬂ:y;[) Tﬁ%"gﬁg 'ﬁé?ﬁéﬁga“ "P% P’&Eﬂ@d BSwer

suppl y dptm'ﬂrltbuaddmmsl omlsaﬁn yc&imdmaaps@é:d&ncﬁeddén Whick Renbaly) eeR8 power

f uncti ongl sz Ae i nvol unt ar
g-t

n a oLy ”é gperation. initially

determnin Gt B p R ‘ilfé’lnloﬁd?% k’?’é‘ | {5 géea‘teﬁethﬁfbtaalsecﬁ@\i/\er

that it "h&smld rmgﬁd'yhaﬁliﬁlﬁ'%trl@reﬁﬁbl@lrbdm%%wed% RlFdYaNFodel 8ne-bRbAL bPNShi p
(TPQ to the current” total power

bet ween the r taI po onsunpti on

avai | abi ‘H”Rp #3'%5’5 ‘I{V\%E) pgm“"es'é Peiwaeh the (fisst 1and espsond thrsshepsisyi ng
addi ti 0ﬂﬁhuz@n@gﬂwwt@etﬂapgﬁgw%dpl%\q@&estpguéﬂgﬁzth&h@% quOERRIET B @NRaTE @
time- sharlwg prioritized basis; if "TPCTPA Is an a sec

t hr eshol HCWIASSIRAVITEHRATE £F 8 npdq reauirdsadditional powe'dudﬁlrrmthp onds to2Be !Dcmtom

i ndi vi dugtheidg@e one- by-one on a prioritized basis. However, if TPG TPA is
bet ween t he

Further in accordance with a preferred embodiment of the present invention the
power supply distributor is operative to provide at least one of full or reduced functionality
operation on a time-sharing, prioritized basis in involuntary power management. Preferably
the power supply distributor is operative in accordance with the following functionality in
mvoluntary power management operation: initially determining the total power available to it
as well as the total power that it is currently supplying to all nodes; determining the
refationship between the current total power consumption {TPC) to the current total power
availability (TPA). If TPC/TPA is less than a first threshold, supplying additional power to
nodes or power to additional nodes one-by-one on a time-sharing, prioritized basis; if

TPC/TPA is greater than a second threshold, greater than said first threshold, reducing power
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first and second thresholds, inquiring as to whether a node requires

addi tional power or a new node requires power; if a node having a | ower
priority, in the sense that it has been receiving power for a |onger tineg,
which is above a predetermined mninumtinme, is currently receiving power,
reduci ng power to the lower priority node and supplying power to a higher
pri ori t yroriodleiduAdeddel @fablné Bn ageHdances tHiwavdp! € et aenkodésrant of
the present invention power supply distributor is operative to provide at
| east ord ot GEIEHEHUS. (HEERGRAT Mo Gl S S e CHTYiRAUET OTORRSS | n

vol unt armodpewRireSPOREE e iodePaviak aQbwer HIoBkL ialk Yerdsh enpQURSE béeH p@ie)'/ving' _
distributor is operative in accordance with at |east sone of the follow ng

funct i orFRMer yfOr janfaneg [tijed dthadhnisn FRRY St e B taPInEH IBFITBHR 1 Bfh| i FEFEIYY i n

accor dang&iwht Bowdr, POWRIng GRRSLIMAL 1 Rier BB AMBSndEldp AR Sdir tPh algnBower
that it is currently supplying to said nodes; determ™ning the relationship

bet ween ARELEEdeent total power consunption (TPC) to the current total

pover. avall abt |1t yu(iFBfil | TRGAIPA Loyl £53a0 bt LPrGE oLy

supplying full power to ‘additiona e-Dby-one on a prioritized
basi s; iifiveiRGt THAver ssugpleadienibtthans apeseeond prévides hioledst biegbhffult had mai d

first threshol di sconnecti [ wer, ta individual nodes one-by-one on a

priori t!%%%%o %%g?s‘?p%{%vg’r gt dlpf'gdoflﬁb\ it smglg'tt%e‘??“éeéi Garppyegnt a‘?Pyraglgﬁ'ond

t hr esholPgaferablyggik rhongr a.g)pI}Odi‘M’ﬁB&tBEis Spciive MO de:ofRbtH WRIS apieekomandtidf a new
n

node reg{;ﬂres ower a e having a lower priority than the new node

is curr &MAVYng BEEHoTalgy: wa@ffﬂteam%%sé@tﬁlrpgwehévail%m I ASFTESRCR AR fr om

pover aRgho%RRBSEkHABod PRghindfielelPid @6 kdd JAQRE tHaPit iR tly E&;b??ym’grtoi SAid
‘accordance with a preferred enbodi nent of the aﬁ)r esent invention the power
suppl y @pdasi feseynng dheystatianshipetwespribs sueniiotd pergr copamptior (TAC)de theo ~
functi opaldid ¥otaPRSE AL A i NTE R @ ey T ' t ndi Vi I in

vol unt ary powcétra ne}géev?rigﬁ%t&gpgggtl?on. Pl%s ‘L{e%g&gﬁ]f/ﬁ? hﬁe‘&g%‘\}?é@*@u%‘gﬁgﬁ‘%

di st ri bilopowss topdditional eodes cac-bprdant e pribtifizet] hesis; iDTPOMPAGs Eeaet tanal ity in
vol unt a operatjgn; .sensi ng an. energency .. need f power
at a gi %ééﬁg%\é\%%?ﬂ%?g}h@g?%gf a@rﬁrg{ss|rasr}11f’ﬁg§1§°c%\n§#g§tpoﬁ‘r%{ & |}/ntdi/Vl uggtn H‘ggsgi ven
node. Moneby-ene bma atiodiicdbads Modever, pf @PErrred icbbodenant st ki speeadent

i nventign .the power suppl istributqgr is.operative to provide at. | east
one or - fapols. RatFRas R bereS bogdinde i BlBvRrCBI & g1 e SRS |

vol unt apywéroael a ABRBAARNM lovid @hHerabin tRendf0Wede is uRPhtly /t&link poter, 1S
operativye in accordance with the following functionality in, voluntary

power nBRETEREME 6 & AT iPHATIY 190¢ M powsagd ﬁ?reﬁeﬁtglgtth%ht%wrwﬂw ed0ai | abl e
to it ipgowa@ccordance with a power conservation programas well as the total
power that it is currently 23 supplyi ntg to all nodes; determ ning the

rel ati onshi p bet we#ther ineaceerdansa ithat prbtepedvembodiment of the present invention the

power supply distributor is operative to provide at least one of full or no functionality
operation with emergency override to individual nodes in voluntary power management
operation. Preferably the power supply distributor is operative in accordance with the
following functionality in voluntary power management operation: sensing an emergency
need for power at a given node, and thereafter assigning a highest priority to the given node.
Moreover in accordance with a preferred embodiment of the present invention
the power supply distributor is operative to provide at least one of full or no functionality
operation queue-controfled priority in voluntary power management. Preferably the power
supply distributor is operative in accordance with the following functionality in voluntary
power management operation: initially determining the total power available to it in

accordance with a power conservation program as well as the total power that it is currently
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consunption (TPC) to the current total power availability (TPA). If TPC TPA
is less than a first threshold, supplying full power to additional nodes
one-by-one on a queue-controlled, prioritized basis; if TPC/ TPA is greater
than a second threshol d hi gher than said first threshol d, disconnecting
power to_individual ne on a prioritized basi s. However i f
TPC/ TPA F¥PH& &Nt H’Q ‘Fﬁ r‘gfiz r&ﬁ%n%etgﬁﬁaiaflﬂ@é@h@?ﬂéeeﬂl Uy 198l PevEhet her

a new nodRumpGet (TEE)REWEE curfdd tdthi RWREW QB8 @GY) BSTIROWRR, ;s adding £ he
new node_to the bottom of the queue. Additionally |n accordance wth a

pref er r et SefbEPFeePRbring Hell pregieist additivpehneddsn oneréy ponen suppeyodialiedi but or
I's oper aghoRi-E@ b@E@Vifd?P@FTPlAe@sStor&&? fin fau%ekor%r tﬂ}gsho chr}S’%HP Nl E:Md qperation

on a tinme-sharing, prioritized basis in voluntary hagenme
Addi t i onfd@rasioldy d&b@@en@mg wehyr tiheinigidenl guqbqsl ynedb)s-bne ot @rpmcsztmpbrbasm ve in

accor danag ek the kol guiag, fUNGLT ANaLLLY L0 Qh LDt ar, POYET, Tgnagement

operation: Ini't termnlngt tota

~accor darrs mmddlrequmvmw&'pmhrfvahmomom oguBes p@w&belaﬁdlﬁgi thehgew hodato gewer
that it o 0&urfrt§ntur$¥ supplying to all nodes; determning the relationship
betweenbt CUrT Bt ot al power consunption (TPC) to the current total

power avail abilit WddkAkly lif acEBdadRAwith k eseretBaNefoddihsl bhkRs :@If%lsg'lt

supplyin ul | ﬁomer to additional nodes one-by-one on a tine-sharing,
priori tI§%t18%§ & POWEr JRelyTiAtribyteyis APaRLYS i PEpvidec inbasthenes b fudl, ogmeat er

than saifehdiohaitty bBEREHPLA - tmémﬁes%o%ﬁz&om%fs ;Br‘g@df%g p\swég AR5,

one-by-one on a prioritized basis. However, n said
first arddldgimgiin of ptesadtpelisthe poaver PPy dl%lsbtmr wioptiadye m aaewdmwdewrleﬁwl res

ipower igbi1cAviR ‘}E}cggﬂl II?'V!)BX\EIY ow?qu: E: gemer}nt he gn ;gléla@ é’lﬁtr?{rwggl%ﬁrlhﬁlererﬂm

receiving po or a 1onger e Al
tinme, i @tahmweerwm;abteementvm ag:orrbmesr wlthiIaS;WmeﬁﬁSGﬁ@tlﬁﬁ)\pﬁfgrirﬁva&dﬂ&sl heer

priorit onnectin priority node to . Still

further ¥| ot acco&&&ﬁés C"Wef"]ilp’ glpﬁbé‘?geﬁorag&og diFTrimine e rteﬁéo‘bﬁ%&m@ﬁ‘f’eeni Heent i on

t he poweunrrsmpptay pdivet kbiut@tion STPORkAtHeY Qurfet REAV Fgﬁexahvdxlﬁﬁﬁiy Pl‘l IEALtPfIff ul'l
nodes in voluntary power

and reﬂgﬁ&g@p‘%unctl onality operation to individua
manage iSersatian a At thicsfiead. | sypriying ifll pever ipeadditional Frsise preshpeng
di stri bgh @Itﬂhésl%xﬂgaﬁﬂld&ﬁlzb&‘ bRGE QFf daneP AMs!t é}eﬁér thbz?%sstecﬁﬂnﬁ?x e%f-nolﬁ h%reﬁ@“ owi ng
functionality; initial Il3c/i deternmining the total power availa
€

accor daHiR ¢ Hirst fweste @ﬂ%@?ﬂﬁ&tlﬁlg)rDOWPfo@iOMlmvmil negdss tore-yotr@l opomer
that it plisrieeAdlhesil lﬁ/owe%grp Y AFPhs ﬁé{vgerp&ﬂ]eﬁr(str%g ?etcgﬁc{]ﬁp&h&gg ih II?%% glnshl P

between the current total power consu curten
power a¥sil|velisthier & ey TiPA) reqlifes RS/ T Ra ncsielhasmg taHawemdpridritgtin thr esdeahdt, it

5 TR SEE e B pad Y AR Con gt PABST eeSRpgHes PIACAItE ¢ ror
t hr eshotwirentie deteivirg p@v@r disconnecting power from the lower priority node and connecting
the higher priority node to power.

Still further in accordance with a preferred embodiment of the present
invention the power supply distributor is operative to provide at least one of full and reduced
functionality operation to individual nodes in voluntary power management operation.
Additionally or alternatively the power supply distributor is operative in accordance with at
least some of the following functionality: initially determining the total power available to it
in accordance with a power conservation program as well as the total power that it is currently
supplying to said nodes; determining the relationship between the current total power
consumption (TPC) to the current total power availability (TPA). If TPC/TPA is less than a

furst threshold, supplying full power to additional nodes one-by-one on a prioritized basis; if
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to individual nodes one- by-one on a prioritized basis. However, if TPC TPA
is between said first and second thresholds, inquiring, as to whether a
new node requires power or a node requires additional power, and if a new
node requires power of a node requires additional power and a node having
a | ower Lority than the new node is currently recejving power, MZ
reduci ng%%%f\ 1%/8f eE58 2B RSB T edeT 51t s¢d 5’;5???‘??@’%6%&?“’[“& POHET new
node or dornedigiasgahodés oRMAInelo 2oMRfied BA. HoRGvadditionak ipewsk.n My eover
in accordance with a preferred enbodi nent of the present invention the
power suppl PIoieEII BEtsae'd dnbpétarT Ve DebpT dRPHeI0SE TFRESE POET of 2 fafl or
reduced refURELEANG! tHwWRPSHAH PRl ddle SEREISREY eO¥EL rﬂogﬁ IRk N v dyal

nodes in voluntary power managenent operation, Prefera fy t he power supply
di stri buroster prl ppedahives i foves podgnhten thi néw mhée fsoturewilngedeingg poval ity in
vol unt ary4pRa) Lon. J rgency, need_f or, power
at a gi vren n g?}ggﬂ)g&tg ﬁ%t;r%tégﬁ P@t&%égg%dn?%gﬁ}é%ogﬂ%st H%rrlggr? df Otrcl)qcf??éed gi ven
node. Strower ourncHerequitingedditidmhpewsi t h a preferred enbodi nent of the

present inventiop. the power supply.distributor |.s op tive to provide at
Ceast one of ful | VST gl Ae bt Sy PeR R diPr B Betesenb e P e
priorityhd powel wuyiphy Wipaohwesr ROpgenBNte Jroalierabkss: dideoPaRrorS Hankad

di stribuytor. Rl}ﬁz‘ oper at. i veliéin accordance. with the followng functionality in
vol unt a%&‘;ﬂ% cF REFFAGUHEHE SHERRCY dieridai i wdiWduab pedsti 1 HefUPRE POYEl power
avai | ablganh@nicht b%brat%@‘?féﬂ@rﬁltﬂ? M PBw@r ROPET diSPBERF YAbhORIRY RSN ER el | as
the total power that it is currently supplying to all nodes, determning
the rel fithoHs Hiooweewastianplity cigr yelurtatyo pewverp sweIgemenh SperptivmnseasFBD ano t he

current ' i Li P. I TPA_Ls J|.ess. than first
thres holeg@;%cygﬁ\éi?%%é)?\f}e%b% %""%’%&% é%\daﬁe;neggggs o mgﬁgi Weh o1 n%tf) m%g%\gor’thteo nodes

whi ch  &iven ly recei ve power one-by-one on a queue-controll ed,

prioritized basi sg,: i f -TPA i reater than second threshold, hj'cher
than said first m?lfes%%}ﬁgmr%ﬁﬁ%fnﬁ% b@t\%e?’ QrSPeFﬁ%iWet%?@é{Pemn 53‘? BHf&< By - one
on a pr inyentidnzbed pbasi sppliidiseitargr is bpdrRGeTBArddddatlemedns af eilf i 2iudad

second threshpl ds, inquiring as, to whether_ a new node requires power or a
node reé‘lﬂc’fj%&y é’é’afaflf’%ﬂ’é‘?“eﬁg%‘ﬁ{e‘ié’ﬁ’ﬂ”fyfmé"’ﬁ%‘\‘i\?’ﬁ@ﬁ%’err WaRRSFRERH 6TV a node

requi r echeguiliet supHil dREWEIr is Kk ih hecdiedRe bt he BRsLRE Rhctlhgitgugue.
Further in accordance with a preferred enbodi nent of the present invention
the poYWRPNI&Y BANST BRRASEMEH BFratias: dps!kydelesmining,the yotakpoater prailghblednd tf f ul |
or 1 edusRdrdbttRGHtHODNBbHEYconPREiBY bRIEAR a8 wheil 187 ! L PR iid | asis in
vol unt ary rpwer Imangger;ecrcl){]. I?rfef IIe)[r%agtgl ya_t ﬁree qgé%@%@ggfrs{%?{sttlﬂﬁggg IS
oper at i #Ppiyisatc 6Hdagrdes déterminihe thel lebwpmayirf bebrdenntilei tyrdnh total power

consumption (TPC) to the current total power availability (TPA). If TPC/TPA is less than a
first threshold, supplying power to additional nodes or additional power to nodes which
currently receive power one-by-one on a queue-controlled, prioritized basis; if TPC/TPA is
greater than a second threshold, higher than said first threshold, reducing power to individual
nodes one-by-one on a prioritized basis. However, if TPC/TPA is between said first and
second thresholds, inquiring as to whether a new node requires power or a node requires
additional power, and if a new node requires power or a node requires additional power,
adding the node to the bottom of the queue.

Further in accordance with a preferred embodiment of the present invention the
power supply distributor is operative to provide at least one of full or reduced functionality
operation on a time-sharing, prioritized basis in voluntary power management. Preferably the

power supply distributor is operative in accordance with the following functionality in

25



25 voluntary power managenent operation: initially determ ning the total
power available to it in accordance with a power conservation program as
well as the total power that it is currently supplying to all nodes,
determining the rel ationship between the current total power consunption

(TPC) t o vbhetagusaven nahedalenPOWBLHRY Bk AR dol | f TPC/ TP 1 ess
than a fi rhdgat hr eshol d supf?lmsl 1ng a(]:Idl ?I Sneg’?{‘“ f?‘% fC{tO Py, easvagéﬁ p Qb

addi t i onaTCHEASsVHha-Noyen ensciytian proges haawe%hgs ther toaat pcﬁWtZ'eﬁlathaSIcﬁrrezhtfy

TPC/ TPA & iRAk®raft h reater han said first
t hr eshol d@pgvr uci naéfcglg\?veesﬁ &t%o%?glgn%/q% F]‘Qi ﬁg‘% gﬁt&eﬁ@-gﬁecuﬁﬁmat%?i BPVEI zed

basis. FSWeTRCH (TPCTPeieRArest et weerr sailebifiiy G sNK Teerond i hseshgluds,

I nqui ri ngrspghrdsQsl r equi res, addi ti onal power or a new node
requires rriower O%&gpﬁgnégadﬁgvpﬁgpow F SEPIES 9F PEVEE 1P, adfiﬁoﬁ%éloé‘ésr@é -byvhee it

has beenck @@élevﬂhwgﬂgnmmrmiaﬂrbamsl CITORT/ TPANR, gréid Cliad § s@RQY Sh@shol gﬁ?ﬁ&r m ned
ower

m ni num recei vi ng. power, reducing power to th
priori tyﬂj!?ll{%led gﬁﬁt i &E %( TBRRYET {1 ingi idughetdep phorby-ge erodlpriortized besibl y t he

power sd@@#gyeduﬁﬁﬁimwofs blem‘dehldﬁa fRsPLWELJRNAISHRM | n:@gnﬁl%%rtg vﬁf’é&'e} whi ch

nonitors nd contr%s t he power supplied to various
conmmuni ¢ ?6?‘%”8%{8 IHgal RAWEE 0B #aRgwW npde mwc&jguwa Wi & mode haeifigrar Rever

enbodi meso it AR Rhesen di st ut oy includes
a nanagerreﬁ?f wor kstat i ong g\hh:a%:%@%}{s}eg%g%n ‘fo\?“?r o a3%¥HWh8 Béf& PBn2of the

power nRAEGERBIE] igtHHR dimeuns turr@rtipf ecabing ddver, NBABGRITBH e R Bt BixepN
gover ns ytihs: | ower genent & control units.
P AR i aeDlne M B Sy dRoaiig

Mor eover 1n accor R¥dFment of the present invention
the power rranagenﬁafer&ljcohﬁ poiveu@uﬁplﬁmi@iﬁlﬁw&ahﬁﬁldé&t oY@t fSs g@f?ﬁgﬁs gé’ la a
nt node

data ¢ pcgneentr at or thereby to govern the| r curr
power uggﬂg}éw l% {Vﬁgr ?’ﬂmg’&@? SREEON; tﬂ‘ﬁ ROVSF eippliasidtoe mivindis nndes ofia tthre

pr esent commenitations tibemgpower managenment & control unit conmuni cates with

vari ous nodes via %-‘]OHH nmessages which are decoded at the nodes and are
enpl oyed for conttHi¢HRYY iRetdserdanen wiky apalfet‘ei@krl embetimemnaf ithey presepr ovi ded

t her eat invSitionlthd wﬁéﬂ%ﬁpﬂlﬁdz%ﬁﬁfog%%e%% %%P,{ f’"orkﬁﬁ‘ 8 ﬁg%ment of the

present_ invention the power nanagenent 45 PR Yfai ns
pover t o 89%5H Fa“%ﬁgﬂhypoﬁmlsmamalgamcm&sommﬂ uaivai | abl e and sends a

mode. _Profor ably T he ngacei HerebBeReRRBRIAT crPenihs PTRTE Rt IR T o

node. Preferably the node inc es’es
or (0] Q itand reduce unctional i operation, an
f bot PP¥e Management denatrdl iyitand d d f t lit t d
non-essential cipeul A Whi %h IS ,r}]ot . )
oreover In accordance with a preferred embodiment of the present invention
the power management & control unit communicates with various nodes via a data
communication concentrator thereby to govern their current mode of power usage.

Further in accordance with a preferred embodiment of the present invention the
power management & control unit communicates with various nodes via control messages
which are decoded at the nodes and are employed for controlling whether full or partial
functionality is provided thereat.

Still further in accordance with a preferred embodiment of the present
Invention the power management & control unit senses that mains power to said power supply
distributor is not available and sends a control message to cause nodes to operate in a backup
or reduced power mode.

Preferably the node includes essential circuitry, which is required for both full

functionality and reduced functionality operation, and non-essential circuitry, which is not
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26 required for reduced functionality operation. Further in accordance with
a prefer-red enbodi nent of the present invention the node includes a
switch and a controller, controlling the operation of the switch which

sel ectably operates the non-essential circuitry. Preferably the node also

i ncl udes aqPiePfor r&BRl MRS @,1&90,; he cont roller is operative in
response to an output fromthe power sup Additionally or alternatively

the node may al so i fethade %C%Féﬁsférw@r?cpf éfleélermb‘scamdntcoﬁmerpodsd:rennuesnon the

operativepidd hESRONSEHiRna P ei rom.said senso
accor dance with a ref erre dergrb%b fr?rg%t CM’?%IL ﬂ?eeg % loi[lnvetﬁ‘Fl V‘i’%m#h‘gﬁm%ensor

senses a Wctaéb’eol?@&ﬁeﬁ thef nagl- eis@rmatairapmyvePrelﬁmm tJSa.Ipm:lel z&iﬂ) meluﬁlaea oWt
suppl y. re.-the sen .Sensor_senses a co i gnal
EEIE«'QEH WRefeid the C?lﬁtro%%r 1S O exﬁir%% 1[n rSFFPOB%.ebtPIaH @utp}lt B%EWPQ ppl y

transmtte hereto, Vi

di st ri but &dditiStallllor bieurhdelyi the a@tBOﬁ@aa‘lﬁEm\Muﬁha@er@br&in@ﬁhﬂm@rdmeﬁnpéiin%ﬂ@r iof the
present jnvention the controller g eives, a control input fromthe power

supply i ndrEaYT Hyethease \ReRtiPut p5wled Fem9id $°8Mfe, it operates the switch

such that power is Fatp@ih@eedr@nbotiih b BRrasEEMRImenthef 16tk At She
non-essential circui trIy and when the controller receives a control input
t3

from the*FORSFIEaphIrgtagsdlevak phglecwist! rawves bpioserpilicd riot thaveiveabiupplyand
the sensqurh@eidtaties sthat auUidnks ?éﬁgespQVs\ﬁBtrbls s@Xﬂ'tl'a?lprlrx&“teé{ | BerkRC v%ahal%e power

comuni cati ons_cabl i nﬂ the controller operates sw tch such
is suppl icepmUgicsEemcabliag Eosethe pewerchprlydtstribusard t he non essenti al

circuitry. Preferally fﬁjptﬁ%xc%?t c&lrd?nce £L1 Vsp S'irmo ? BF%D& éLff WéeSB’HVVer

power supply i ndi catin power
suppl y, amnmmt}semsmller melictas esomthﬂnnmmﬁfonciherpbwerp@wsz ihdScatial ti@a\f@dahr%m e,

the cont rQ tes the switch t hat adequate, power is supplie
with hi gﬁes% re%ra&g%b? it 8PYRE s%*ﬁf h]EF}F‘E EPYEY ISSHRPler tadaihy fbérféffenﬁﬁwer
beyond t hatuitrpgod thecholyssehhig dﬂﬁﬁ:ﬁ‘@tah@bvh@h EHRdnfrYildr SecBivEOa BRI %hﬁﬁomt i's

suppl i edtﬁ o_the nopﬁ%essentl al circuitry via the swtch Additional Iéq
al t er nat il FEPRD G GHP Ghat iMaR5 RINFT i@ araidable, G%%Fhelsmﬁef indiqatsis dbati ng an

intenti O@ui’f’ BiehtS Bow&teis NRERaKE v ﬁﬁnédﬂ%urﬂ&@%ﬂg%al?ﬂn? Cednl n&ﬁ?atté Ofhe
cabl i ng, di ccgglgg a need to oc{)erate in a unctl ona It de and is
@ &

responsi 9‘@‘ ¢ PWeTaifs Pupglieq e bsth thehessentiehsienitspiadd rthrdelomesscmxalr y to
operate kicdry. l«l"rl:f‘éxfagﬂ'cthé LBAkIkY dBIE 2 Mmtﬁﬁ) ut lfrﬁmqﬁé: ﬁ werggg% Y i d catin

preferred enbodi nent "of the present Inventio e senhsor es ' a v%ltage
| evel of the} Baing pewer ip potevaibadlanga Slwpmmeedlptp@' Emathatsedsexasdixc@mhmmﬁ'rcxemuppl y.

Still f d d
! UR& &S bt a@nga%fe HAC %n%%[ fe op erQrese h%rs(vitlch ?"ﬁﬁ@%ﬁ”&@ﬁe Pﬂ\éfF LF BLERH ‘ﬁdt he

i nvention the sensor Sénses Con sl gn
conmmuni catth brghestiphipnity to the essent:al c;rcultry and if additional power beyond that required by

the essential circuitry is also available, it is supplied to the non-essential circuitry via the
switch.

Additionally or alternatively the monitoring circuitry receives a user input
indicating an intention to use the node or a control message via the communications cabling,
indicating a need to operate in a full-functionality mode and is responsive thereto for causing
the switch to cause said node circuitry to operate in a full-functionality mode.

Moreover in accordance with a preferred embodiment of the present invention
the sensor senses a voltage level of electrical power being supplied to the at least one power
supply.

Still further in accordance with a preferred embodiment of the present

mvention the sensor senses a control signal transmitted thereto via the communication cabling
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27 fromthe power supply distributor. Additionally in accor dance with a
preferred enbodi nent of the present invention the node circuitry includes
essential node circuitry and non essential node circuitry. The switch also
i ncl udes an e sential node circuitry switch and a non-essential node

circui try S ERVEPIEPE dBrhutehe control | er receives a control input from
the a: |east one powgHi:mMPD Yn d-Rdbhgati ngnthat i ns_power is ayail abl e,
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essent i al®Si¥8U nee sigguitry andsthahapessensial hadel dircuitry, i s supplied to the .
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Moreover in accor dgﬁﬁf‘é&?ﬁ{%@ aﬁ?oéﬁaé’rc? S b GERIFTERS: ebodimenipodsiatPriserent i on

t he node ivgnigrethatcbnteollen r@sieess cdltioERpIDEES thetat il o f i | M e when
both the and non-% sentjal node circui tsr?/ °§b?g}eog‘§$§ %négg&ggn

i al
essenti al 3‘%& SISRET it Yot rsaiabithwn thand leass sampavadr supple and teusensar indicates

oper at i v éhaandTiaieat poRef Wit AAMUIL VHERIRINE BLA Al GBSH AL Of LS
u er

essenti al lg%gg gircuitry is not operative: 1% CRERUH UG SRR a

preferred t ageduatserqires de rruphlied ewith dighebteprigpones the pbantigr fydedes

limted biegkripnd@WakitioAd ol natiyely the power . supply
- enabl es int e?br;i_t t ent l_gger g’?%ﬁg%%‘tyhhg{ rne%%&{w %ai“{ﬁsé%/quﬁﬂgo‘?%n‘éfcé“tﬁ’n’is?“\?ery
limted POHEICHh sheplict tathembr-esdntol eodd dieuitgmiaiidcaii- Q8 EabhbALircliRer € i S

al so prosiilgad with yet another preferred enbodi nent of the present
invention a |local area network power supply distributor for use in a | ocal

area network i nclMdiengeran hedordafcepiisi @b?%@fezﬁ&@%nﬁﬂﬂm@%g{ 043
cabl i ng ﬁggg&ci%ioggra%‘pe. plurali %Ey of . hodes to a hub for providing drgi tal
communi cation tRRFAEYS et o thy, o2 pfbpvmnahty mode when both the essential
and non-essential node circuitry are operative, an essential functionality mode when the
essential node circuitry is operative and a sleep functionality mode wherein at least part of the
essential node circuitry is not operative,

Further in accordance with a preferred embodiment of the present invention the
power supply provides limited back-up power, Additionally or alternatively the power supply

enables intermittent operation of the node in situations where only very limited power may be
transmitted over the communication cabling.

There is also provided with yet another preferred embodiment of the present
invention a local area network power supply distributor for use in a local area network
including a hub, a plurality of nodes and communication cabling connecting the plurality of

nodes fo a hub for providing digital communication therebetween, the power supply
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28 distributor being operative to provide at |east sone operating power to
at |least sone of said plurality of nodes via the comuni cati on cabling.
Further in accordance with a preferred enbodi nent of the present invention
the supply distributor is located within the hub. Still further in -
accordance . w t[}qa preferred enpodi nent of the present inventi onfthe power
suppl y @SEREHAGE PRTIGE AL BEVHGESIAE TRE WEBHIAPPEF A VEfy e ptker
supply @hstiftl Bohedes kv thoO&RkBehi@abh calllng. Wi thin the hub and partially
outside the hub. Additionally in accordance with a preferred enmbodi nent of
the present i nveREitEH 1t #e0GpEeat P per cabybmee ! By e IBREF o8 Hispl y

di stri bufQiiy biQrdhitdr @8t SONEhiPlhetts. Pl urality nodes via the communication
cabling i ncjf udes backup power. Still further in accordance with a preferred

embodi nent of t heSpl efssher in aseerdaneh Wike ahpisfamsd| erlesiimedapla eommsaiicat i on
concent g IStk ol ... t.ngl S J , t he
comruni E:@%?%Gnn %hgﬁiﬁq‘%g@%@ﬁggﬁuﬁﬁzg clidé:tg llaéEi c%lﬁsrlr{%f nl?lg g}q?'oﬁﬁe@gﬁ%gﬁeﬁ%?gvi a the
conbi nesupply dikteibniod asocaldrpeoiaby withiratbe bubdamiqartiailly ku@idptlef lsibr ed enbodi nent

of the present in .on the hub.incl.udes a.data communi cafi,on
concentrator and &/ﬁ@ﬁjgﬁ@yt Wea?ﬂf@%ﬂcesdv | § Briegefrlﬁitﬁbﬂ?cbé)rdlm?nst (gflt IS PEEgied

Wi t hi n ifventiodlthe Spérhtingf poteh &ippligt BEGO peaaCRp tdistrébupired ef lesd senboflieent  of
the present., invention the hub includes a data communi cati on concentrator
and whePBTHt5BO4ES FEviat curplisAtion catlng Mstusies Packup B4 ocat ed within the hub

and includes a pog@l reHRP! i @é&grd@n&pmihr‘@rprefeﬁ’@d SFRInReE GOuR! bRGerROVer
fromthe power supply to the communication cabling which also carries data

from t hisvertica e fmeiices nale sapEmnicatian comPerfasarathe Povise serphblifEIdUIAC| udes
a pl uraj et %ﬁﬁ’c{?he‘?{ 3 c}‘?ﬁe‘;@oxﬂ&ux‘ﬁ% & &a%ling%ﬂﬁe%t(seﬁlet BarBeofih ardh the

power supply. Additiohally 1n accordance wth a preferred e I ment of the
pr esent cotcervemdr vanthe hembioersp fermodesc| udes a plurality of couplers and a

plurality of filters, each coupler.. bei onnect ed, vi Ll.t-er an
out put of the nodaPatar v S ElPrnrd et s RBRARG: ¥ s durbly Flerh "
pl ur al i thy hob irchidpt £ 52 atrdmanicflonrcahdehyratof arddi Wieedis timpwar phpphadistrpuer smar t
power all Pc?ti or&fu(la%:l reporting circuits (SPEARS), each coupler being

connect B4*50i'¥? ey a SPEAR to an output of the power supply.

Additional ly in aiOREBRE Gn Mckdrdander @iRr 4 §ileBRD dinbBlimeaf dfh@e Ppesant
i nvention the ‘rl)ower supply distributor includes a power supply, and the

pover sEBFIPD thekybiaeudes asBlRePmBINGIHen eIERIILG 484 Mhergin said power supply

distributor is also focated within the hub and includes a power supply and a combiner, the
combiner coupling power from the power supply to the communication cabling which also
carries data from the data communication concentrator.

Preferably the combiner includes a plurality of couplers, each of which is
connected to an output of the power supply. |

Additionally in accordance with a preferred embodiment of the present
invention the combiner includes a plurality of couplers and a plurality of filters, each coupler
being connected via a filter to an output of the power supply.

Furthermore the combiner may also include a plurality of couplers and a
plurality of filters and a plurality of smart power allocation and reporting circuits {SPEARs),
each coupler being connected via a filter and a SPEAR to an output of the power supply.

Additionally in accordance with a preferred embodiment of the present
invention the power supply distributor includes a power supply, and the power supply

includes a power failure backup facility.
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29 Still further in accordance with a preferred enbodi nent of the present

i nvention the conbiner includes a plurality of couplers and a plurality of
filters, each coupler being connected via a filter to an output of the
power supply. Preferably the conbiner includes a plurality of couplers and
a plurality of filtdillsfiarkdr an pletombidey wodh 8 BreferR@VeAboRihaeadi R 8Rdent
reporting ;64U EARS each, caoupl er ei ng connected via a filter and
L CBPEAR P % Co e kg ek P BB PS Coutirbabiet PRTIRG Gl ki cavg e
pref erred temgodnnentd 0f a fihe presaptt dMNVEfU@Rupdihe conbi ner includes a
plurality of coupl e&,s an@ a Q' urality of filters, each coupler being.
connected via a filterotd’ di° GORPRET grcluden dwalrraditippf younteteliand snalliajity loé

conbi ner rfrsainga plngliydesAarPha@ byt Rf 260 WRLE! Larallty. of
filters and. a ﬁl urality 1i{){}{‘iqrsrrxalrt ower alal oc toﬁon% %ﬁ%tsﬁgggﬁ?fﬁﬁa%%cg%efs

(SPEARs) , "“BRERVEGERIVEr BT ARy € SRRARtean vitgutofithé peverangbla SPEAR to an
out put_of t he pover MeRLYin EFAAEE RS 1DLnEOThLDEL, IRY, C@%gﬁ%gn?%géﬁtgona

plurality of couplers and a agluralty ers, eac
connect ed i $PmPIRsT| ipgpdes @ pinr Ut plucouptera apbwarluraligpdfyfilter Y0 ¥QIpldribeing

accor dancgaietig diaRr red i ment. of .the present invention the power
supply distribut olra ifgteg%eaﬁa%u?p&ggfaop%‘?’%\ﬂ’%y‘eI ectrical power along the

comuni cation cabl Addjtioviatipaik combineepiagbiiso deIMARIRtILBMOT ot B Q}Q%ﬁ@'a
conmuni ca llu%ygil‘jtﬁ% her in ac or(gf?nce with a preferred enbodi nent of the
present inhvention the" c"’omwc AT RIBATiaABCating [2ndl eeposting| cerauits (SREARS),st ed

Wi re pairecbrogiéreding@otmeitd MRAEH AR And WREERRNRAWEL \fied over a
twisted wire pair g } ong which data is al so trgnsm{p%l{e -théﬁé?%'rsu Gf{/‘ t he
[

power supply distr EmOr S, leueraabiaerp pake ralssu mslude i mperdlag efandples paivar

supply, tpleralignaniMessatdclRofARbbing GRNRRELS 1 B rqgt%rgoﬁtgate ai pé%;i' ?OUIrI]fBlYp over

concentrator via the power suppgy I nterface t[?%
supply interface i AEPraeNss inpaccerdemcalwitlya pefdried teartdiamaht af e ir@bittiyvekion mar t

power al |ggabi kN L i SPEARS), each filter bein

connect ed v?g ?%grs? gﬁ{aotrr\liso * %IHE/ 8(&;415 rt% H@eﬁ%z‘}sﬁ?ﬁﬁwgnﬁg}ﬁqowq ofn
accor danc@bliia witkoup nedceeptabit degtadetionesfithodigitiieopeSAtion | NVeENtion the
comruni cati on cabl ﬁ:ﬂghérrﬁ?l ud%s at | east twg twisted wire pairs connected to
each node and wher & N pOWSF & ey hiEfrgd swapdimentpidhepresdnt @veriian the

di f f er entcofimumication catlliag dncinbias ahlcdat dhel i dPRRE datr@bnndLLRVEL 1Bde an
ac.cordan%e}égith a preferred enbodiment of the present Invention the %ub

i ncl udes a dat 8 COMMEHETLIH OHer@INaEs Wiag Boir 2lppe whishalatadepipd ramimstted. but or

includes a power BrERIRN HRIRBHEA To = TN TV Ty I the co ication
cabling connects the dat 4 c]%rrrruﬂi&ggy?i on concéﬁnut%?gg P %uPFﬁ'emﬁ et *Stppl y

i nt er f ac@ B8/ SRPhobe sommpgicative Qabligg connects the data communication concentrator

via the power supply interface to the nodes, and the power supply interface includes a
plurality of filters and a plurality of smart power allocation and reporting circuits (SPEARs),
each filter being connected via a SPEAR to an output of the power supply.

Additionally in accordance with a preferred embodiment of the present
invention the communication cabling includes at least two twisted wire pairs connected to
each node and wherein power is transmitted over a twisted wire pair different from that along
which data is transmitted.

Moreover in accordance with a preferred embodiment of the present invention
the hub includes a data communication concentrator, the power supply distributor includes a
power supply interface and a power supply, the communication cabling connects the data

communication concentrator via the power supply interface to said nodes, and the power
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30 supply inter-face includes a plurality oF filters and a plurality of
smart power allocation and reporting circuits (SPEARs), each filter being
connected via a SPEAR to an output of the 0O power supply, Still further
in accordance with a preferred enbodi ment of the present invention the hub

i ncl udesugdah@nee HHMG&&;%I leth%DBf: 8N0E% ahO%, pihRBHPONRTarSISRRE Yil€Ha8&d drdaut or
i ncl udes a conhi ner and power supply, the comruni cati'on cabling _connects

the dat éepos&&mw&at(ﬁ%%@n@m ﬁ%ﬁrohfelﬂﬁ #Rded ol RBEAR 60 tRePWRyH &5 115t he
combi nep.jBChHgtgs a plurality of couplers and a plurality of filters and a
plurality of smart power allocation and reporting circuits (SPEARs), each
coupl er bei ng conb@ltt @dhed an actirtizee anll @ SHAEAR teobadimottt phOtthofpreshd  power
suppl vy, coupl.e a | east .t arts. one of i i nect ed
Coh polfRiS AR S GRS odt b AR el B s e O e PR R O
connect esjudvs a mmhmem gat aopsnwatadubp mg thet OorﬁmEmOzftldnh@ngJDGXMfatty tbé dmedes

Addi ti onal lﬁ fﬁ accordance w Br efert:i1 {ie %d g i esent

i nvent i STPPRECHINE SORETTEEY v 5tcam & APFOntE SRUEREY 15? 8‘?35 Hfé power
supply di sduplebiligl a plurelity Q€ Fil@RrsCIAR plafalitBolmanag pomdttallaridon @nd reportingi t  and
a power suppl(%fP t he conmmuni catl on cabljng connects_said data comnlglnl cation

concent FiEg? (REEARYecach rBvRleTbeing taraeqigsiias & tgpand aofhifiAfeio 40RUMmId &5

plurali Fd/w&fsuw PIn@l S ciRBhper b hakist Yw®Portd, bhebwhis ;sacoehé&eal tbfaypoﬁfofs mar t
power allocation and reporting circuits (SPEARs), each coupler being

connect did dgfagomnunjcagipn cenrgntaatigPmArhe etherrpfothiguls cofinetted ioommmeariggsioy,  and
t he SPE@thg t@Bﬁé@ftthgﬁlutrﬁaty gpr%dtesto the nmanagenent and control unit the

current con tio a node connected thereto. Still further in
accordance wt h a'xcﬁmmﬁraﬂlyenh endoodtinoentitlofa ptederprde sebddimemyvehntheopreséng hub

I g e S R S T e e

t he datiaciuderaeonitiadr] @rmaﬁmgw&mt st @mtrw wnitt 418 £ pedrRepply, @hd dsn:enmdmmnt he
conbi ner ncI udes a rali t%‘t‘ of .couplers and pl ural i t | rs and a

pl uramay 105G UGS S 2 SPPEHECRNT SHIGEHEHS YR A CQ’E‘i‘br“EFuF each

coupl ercdagiintg ARG BRralit @ o chiipldre hn@ B LR EA T leps Ay pyhpa;f&y of srhm power
supply, and the SPEAR is operative to limt the maximmcurrent supplied to

a node R Hecaton pad sererting gifcuits ($RERs); epchcewplerairing canperted Yif efiHvF ed
enbodi nggt, sszArb@o RE %ﬁf}n@ of thé‘\é&%r' ﬁ?{ﬂgh&dhm@ su:ﬂahzui%ﬁefan%%ﬁ&m@m cation

concentrat or, e power supply distributor includes a conbiner and a power
suppl vy, m%ﬂ@ée@@ﬁmht@atqi onit Belshimae cobmptios of heomoan%tﬂdmfﬁwatl on

concent 1 ator Vi a ghfie bl Rolech Bahdd® b OfreschlE SHBASE dFLUPRSR

invention the hub includes a data communication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, the combiner includes a plurality
of couplers and a plurality of filters and a plurality of smart power allocation and reporting
circuits {SPEARS), each coupler being connected via a filter and a SPEAR to an output of the
power supply, and the SPEAR is operative to limit the maximum current supplied to a node
connected thereto.

Sull further in accordance with a preferred embodiment of the present
invention the hub includes a data communication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, the combiner includes a plurality

of couplers and a plurality of filters and a plurality of smart power allocation and reporting
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of couplers and a plurality of filters and a plurality of smart power
allocation and reporting 31 circuits (SPEARS), each coupl er bei ng connected
via a filter and a SPEAR to an output of the power supply, and the SPEAR

i S operati veci® (SR tLoald isconpect a node connected thereto

di spl ayi ng_an over cﬁlrxr@en%@lccgﬁp ?{?(%?FD SP%%?/&\H 2 Hltgpand 0P R kot atprIo yhe
predet er m RS pEPPYE 281 the FBEARJWicpemriat ly ainnageor,dansa, M e RLEELIJed
~embodi ment ieferd h@isPrERENt, LDYENLI on the. hubf jncl udes a data conmuni cati on
concentrator, the power supply distrfBUEEr Pletiiaesiaase gbianarogmdmablyoner
supply, theeddsmirddameicont dabl i ng connects the data conmuni cation
concentrator via therCd?trig%i per. to t he nodes, the conbiner includes a
plurality of couplers and a ‘BI eFai%Rese o1t p| prefesrednemimdphant adfi the pfesamar t

power al | og&tnition tiznblly pREEd APataGhieiinlStib SREA egch goupl e @ei_
connect ed i}{éf@de% incl itugr and a SPEAR to anlout putgﬁ% ©f ﬁ% PO;‘S"S{NE‘%PPiYU E)tlr’;t},gtoénd
the SPEAR IS operf at V&t §2% .t BA%ET B@ply tht seommecti@ovsiing 10RhasN0&Cdata

connect ed doheneicatichh s¢HcaykAg AR RV ondi {,i on foll ow ng el apse of a
- progr ammabl.y ‘Hﬁir{ede erm ned per |t odC%gl%H{elF ?r@g{hgﬁlag?soghﬁ&’ i El\équldﬁs 3 BlusiReCt

t he node t°0 “BHNEF 2Ph@rRdgrkitgrof filfssnerdta piordlion g smakt §@¢v@)’§10&5@%n%‘ﬁ§rr%r§i t
condi t i oncirSlitsl(EPENRIN LRI -dance with a preferred enbodi nent” of the
present i nvent(i on t h% hcgbéaﬁﬁlgf%{?&&gn%%?é\”ﬁﬁr’ﬁ%ﬁﬁ?‘@aﬁ P snereeutpattabithe t he

power supBPYeiU8PY; Bed dic SRERR idemrativeanbungtatidl @sdANEE HsHOPEYm 4 NS
comuni cakb@Rcted phdrilg dgstli))gan!ects the data communi cation Cohcent rator ia the
conbiner to the nodes, the coftbf FEF TRt FAFEYnfoPPving] dlapge obk progrpinemblyand a

pl ural i t yPfiettinlinet geravadofatink Whakd tiioofi b r.allocation and
reporting,gi iliﬁéjiots (%P ARs) , _each coupllgﬁbefﬁ%@%&ﬁ%% eeg) PPEealererfiesr and
a SPEAR to an outpat’ BiP'PHde peiureaigoptijionand t he SPEAR incl udes a current
sensor which recei V&8l qumelt@0&chrifle Wil o 5Qm.a Pover,. suppl y and

gener at es; a n%i gg%’l jchis prosorti g_nalnlﬂt% %rﬁéarrgij,lr%\l%dl s‘?fyngle present

t her et hr oGgh, © Bihicluen # épteyomtupisatiar adroesrat@s GeVioR@r bk ighdlidi T oM

t he curr entiudRns @bmbRe 284 SO el vi.ng reference voltage Vref from
respective reference vol tagiepé‘g%r%]ég& Iy?eef%?l%’fﬂ“ﬁtfcﬁ‘ecarb@ﬂ%rcéﬁ%@m\/&et daje

sources dPETBISGHaRRIsERiratet 1 Broembolet agfie nAM! BRToRBMf BERIHVE, B&P&Ift |

i nputs frebemaagsse .CO | circuits. Additionally the outputs of the
nul tiplicity of corrp}fhé‘?’étgs‘g}trr@%“b%’ds%B}Hr*ﬁ‘é‘ﬂo gnarg pevierr dlacationrind eepertiog

swi t ch wiiTEHtsH{ERBARS) eaahpotipleobdiageniedied/id 2 e, S ﬁ;rﬁ [and

provi des gwgpguégpt élluiog;it Mltf;\ge out put | Vout _T%Ira{ erér%?égﬁ? létp%r}u?fﬁﬁ?s of
t he corrpé}roat or §° ey b EGUEE raWaYE Femor &hichonteial acioltagd irput Wiser ve
as noni t &loimeg ponetitsSpd¥ QNd G | ' r r di he DC current .

£1 owi ng Eﬂgég;g@;fhe F’SﬁéfEAR C@eﬂ&atbﬂﬂﬁ%‘ig}ﬁf LWARELh fgq)q'oporggnai to the “current passing

- and a muitiplicity of comparators receiving the signal from the current sensor

a . .
nd also receiving a reference voitage Vref from respective reference voltage sources.

Preferably the reference voltage sources are programmable reference voltage

sources and receive control inputs from management & control circuits.

Additionally the outputs of the multiplicity of comparators may be supplied to
a current limiter and switch which receives input voltage Vin via the current semsor and
provides a current-limited voltage output Vout.

Furthermore the outputs of the comparators may be supplied to management &
control cir;uits to serve as monitoring inputs providing information regarding the DC current
flowing through the SPEAR.

Still further in accordance with a preferred embodiment of the present
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Still further in accordance with a preferred enbodi nent of the present 32

i nvention the hub includes a data communi cati on concentrator, the power
supply distributor includes a conmbiner and a power supply, the

conmmuni cation cabling connects the data conmunication concentrator via the
combi ner tiovenhen fiedes, inelndkstahiarc corrmeicarion cb @@ atoR i Advidr SuSily CRURDEhS
each of ‘M?hc(f deisna(ﬂcldlrgl S at 4east assair f transforners, each having a ID
center tap at a SELORGET §t AHEST UPH W Y I hEiaEoy GrbiagecIngestadhe glatsach
wire of actwmsihedtigaiconcet@nnesthedhet eibeled. 1o Addl fddanalli Vink NtoalaRk dangg.aM th

a preferre t of the present invention the hub includes a data

nbodi ne > :
comuni catpglé "E8 GQHHq?réteé?h, o WEICBdWé‘Fdeé dppiast dipsif of ygrdermer ekl dsviag a

conbi ner  afderdaPAViElecSHPR! NoredRE: SRBIURINGALLI00. a0k INYCMNPEEE S, KNG Jata
comruni cati on concentrator via the conbiner to the nodes, and the Canbi ner

i ncl udes &°"sftEd Hefaty of coupl ers each of which includes at |east one

transforner, which hgss cterl ., that it includes a secandary which
is split into two se%‘g{r}g’?&ggvﬁkn Fé‘;“g“%n&”“g %apprg%m:é(;rem\t/f\ﬁlg%e”f s° nﬁé%?’gd
bet ween t Heettign hepab atcbidwi aditagemandicatncépneéitacdr thelppweonpedt Sistribardwo

wi ndi ngs j.n; Les f.or high sequency, signals, but effectively isolates the
two W ndi ’rﬁlglsﬁ%(r)? .b”Eﬁratngear Py eraﬁ"@ﬁxrydé céown’t’?fc%f’oﬁr@%g?ﬁ eanasthoticnd#e of
t he presesmmiwmieationosontdieratohwh ihBcdonbef: @ Al Bodl MMMt AldnHinGOnNERALY &t OF ,
t he power_,supply. distribytaqr inclydes a conbiner and a_ power supply, the
conmuni ca?lfllgﬁg'c%ﬁo@@rsé’%m&‘fhé“hﬂﬁ “%é@’a}ejﬁ%ﬁ%ﬁ?fﬁﬁﬂr@fm?’h@én&éhﬁfﬁfé?r@edvna t he
conbi ner thex it heludedesecoie, ¥ Rieh GOPRE RRN wonEh Q%vir?di%d chaﬁz?cﬁﬁph}hﬂ:rh%s

a

which effectivel y bl ock fromreaching the data c ni cation
concent r afogRectes Ppfwep, ithan &wo jsppasate oviddinge awd twhish prieftorhe dorrdosdilve nbo of

the preseRidinbd%E M0 %ol figh BUR LAEL; . C ication concentrator,
t he power sup%l y di setr?bu%)r Qienéc‘sfhlggagé’g%ég&rél 19{8!'9”11% esaﬂ]ﬁot\%)rwgﬁﬁﬁs Tt he
comuni catyon cabling connects the data conmunication concentrator via the

conbiner to the no Qi ner.. conprij ses t pai rs of capacitors
whi ch effectively i r%“%’{ag“rﬁ%r%g‘cﬁﬁrﬁfge”?%gmi&%@e’&\g’ﬁmﬁ:ﬂfﬁ%ﬁ ighention the
concent r dubrinchidisi 4 dam adolynunivader osrtameorWiHeNp @il abgly I BdriBiee ki Of the
pr esent Ciol;%g%; ia%_pat he hub li ntﬁl udes a data comruni catlon concentrator, the
power supply di 80t I BEYE PP E GRITYIIEH NG FRlNE Frpnscth Hiketata epypmynicatipn
conmuni cabia@ntratabliange CONFRE!S thd)foddatad 16O BBMPInEAnbAReCORER Y @pRito¥d @ t he

conbi ner _to.t nodes, t he conbiner conprises a self-balancing
capaci tor"‘fhllcg'segﬁeﬁwﬂ%f 6189'58#3&@?& repelung B d3ip oHPHR CRINRFOReRYLIRIOr.C Ui t

Still further in accordance with a preferred embodiment of the present
invention the hub includes a data communication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, and the combiner comprises two
pairs of capacitors which effectively block DC from reaching the data communication
concentrator.

Additionally in accordance with a preferred embodiment of the present
invention the hub includes a data communication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, and the combiner comprises a
self-balancing capacitor-less and transformer-less common mode coupling circuit.

Preferably the power supply distributor includes power management

functionality.
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Preferably the power supply distributor includes power managenent
functionality. 33 Additionally the power supply distributor may include a
power managenent & control unit which nonitors and controls the power
supplied to various nodes via the comunications cabling. Furthernore the

power supply distri byb@omy ] wor kstation which i
operative to govern the IC(;peryzgt i @ﬁ?u%aﬁgg%&@%ﬂﬁgbﬁ it vET CBRRggent %ni t.

Fur t her mor 8R! 3@ oPaghcEoniarh aad proefrels rigd mvsodiuppidd of virhes McEsemta the

i nvention @@ﬂn@gﬁgﬁggmmgpr kstation governs the operation of multiple
power managenent & control units. Preferably the power nmanagenent &

control unit conmuniBathesnast t the vasweusupmodéisriimr amaat icIGOM N &k b Qb
concentratggrkgtgggrppf}gichqs overn their current. mode of power usage. "

Addi tional Iy in accordance™ W't A° &P B (REERHOR56 dF At ciomaragempias eptrol

i nvention 4ite power managenment & control unit communi cates with various
nodes via control tlrlgel;fsgar%{a?s whi ch are decoded at the nodes and are enpl oyed
for controlling whetWEPSHFG Rracceydircearith umcrrpigriad i amypoidisnept ovfi thed ptebex eat . |
Addi t i onalihwentibe tHROME 20 FRAASRIE & &0 b intnal, Jral s, power to
t he power i)g{g@lq}( distributor s ncc)’?ggvgﬁ glgl%@gﬁaﬁggﬁgglp% %@F\?rrr%ﬁna%gg%e\ggge
to cause I Yitsperate in a backup or reduced power node. Furthernore

t he node includes e iqial,.. ci i whi is required for both full
functionality and r ﬁ%@%ﬂéfﬁﬂeﬁ (g‘?%néé{%ﬁ/m%nﬁe ST ,”ggr?amﬁ‘blﬁ‘-cé‘seéé’ﬂfthi rious

ci rcui t ry NOgivéha idgtarpemmunigtion eshcbmratsratierelpetd govetn @Biakiton: QR ip@%er
There is fuLther provided in accordance with a preferred enbodi ment of the
present invention a nethod for setting-up a |ocal area network including

the steps of provi dddigosailyul, a@iop¥indé NG Plpkidtddt ¥mBaRemeSe tﬁQBB}E%L! ng .
t he pl uraldvgl;(tio%fthnodes to the hub for providing data conmmuni cati on by

usi ng a conmuni cat Fon CEBPE MeRh ¢ SPEPIHTIPRMpRtes withuyasloys tddss viainop! t 0

provi de amebsegst wBiohRrOARbad AGHOAES hQ 1AL exhgagéd &Q%H@J1%$$%h94h‘érr ﬁl'cljﬂ §y of
nodes vi a salggconnunlgathn cable. There 1s also provide n-accor dahce
with a prBFEFARRCIORBEYiTRAYideskthereat. present i nvention a nethod for

setting-up a | ocal r I cal. area network including the
steps of providing g&ﬁﬁ%&ﬁ%}l}%ﬁé 5{% gg’%’é‘{g% %Xrlga it 9‘*f‘§f"“§<§8’é“§m&bwa'é‘éﬁ’f>waf ©he

pluralit yt € power supply distributor is not available and sends a control message to cause nodes to
operate in a backup or reduced power mode,

Furthermore the node includes essential circuitry, which is required for both
full functionality and reduced functionality operation, and non-essential circuitry, which is not
required for reduced functionality operation.

There is further provided in accordance with a preferred embodiment of the
present invention a method for setting-up a local area network including the steps of
providing a hub, providing a plurality of nodes, connecting the plurality of nodes to the hub
for providing data communication by using a communication cable, and operating a power
supply distributor to provide at least some operating power to at least some of the plﬁrality of
nodes via said communication cable.

There is also provided in accordance with a preferred embodiment of the
present invention a method for serting-up a local area network node in a local area network
including the steps of providing a hub, providing a plurality of nodes, connecting the plurality
of nodes to the hub for providing digital communication by using communication cabling, and

operating a power supply distributor to provide at least some operating power to at least some

34



of nodes to.the hub for provi di ng digital conmunication by using

communi cation cabling, and operating a power supply distributor to provide
at | east some operating power to at |east sonme 34 of the plurality of nodes
via said hub and said comruni cation cabling, the | ocal area network node

i ncl udi pgya ﬁﬂmg%kﬁ@& 5 0NS< .t ARl N L0t & Iﬂﬁrﬁm%ﬁ%agi nd9im0 )1 POV GRd data
and separately provi |ng power to a no ta to a node
dat a i npede iThelg kscoatmenipitiovs dedliin Ira@é@ﬂdlacmeng\nktohl yetvempant Hae quief erred
enbodi ng esen nvent | for settin oup a | ocal area
net wor k %tﬁra? F'IGV%t(%ep é&’s o &por\%\ﬁm “g% a atB“S?%%%l g a plurality of
nodes, connectlnngmemphunm¢mdqimﬁmundﬂ&ew@mnh9mhuﬁrpﬁﬁﬁmﬁkﬁ%bdtmgcﬁata
comuni gation via conmuni atl n cablin erati ower supply

Gtr b oreRs e er TSt Coe bl el HEE phiert to b Bt G of

t he pl upaiding Qﬁum@ﬁtﬁ.&dxngh@ldrbﬂym&d ¢airedimaC@b lplhn@ity bh Boe\Wethe PP Y

di stribut cl udi ng power .managenent . functionality. There is prOV|ded in

accor da @TWCP 158 Qﬁéﬁﬂ@ﬁwﬁ'ﬁéﬁ“@r Y*é&ogﬁ%&aﬁ%ﬁab&iﬁg t34é OPpraERBAPOVHVEPRY on a

met hod fiefib&RF td REvHP aPichGahe Bp&AHALHIRE Ko ROMBYS sSHPBE ¥e Hiiihift) BERGLes f OT
use in a |local area network conprising the steps of provi‘ding including a

hub, pré@ites eraunipitionadabliyg, she podessupnly distiner cacdudanrg pewdri mapagammect i ng
the plugaltdy;0f nodes to a hub for providing digital communication
therebetmeen he power supply distributor being operative to provide at

| east sone oper athieg qsqwewdecbuaacdoemte s»oﬁear@thet hecfirred azhbdscymerft afatles vi a

t he comun C%&h%ﬁ c%g% %? T ere 1 fVi B&accorda ce.W.t p

pr esent "Five Y FEIR0S THLPL AT S m&l‘%ﬂ ?‘l yat 159 net@'i P?‘i"%raﬁu%éfvgé?”mr °h data
comuni watih @rocshaldan@twark radsiprisial Uhe stefs ONErotiinglhEudhe Gt HubC plovidR@uer

a data conmuni cati ons cabllng net wor k,

consum et dEVI ces conpri si
sourlrt]gf @*ﬁ C\gp “85% ngoafaﬂ@&sﬁona?f@%m fwighty-CIawRss Rerhu®oahl ed to

t he souse@dak dlgfdaﬁesrﬁmﬁﬁkatnﬁvwéreea@e&@ th ngmﬂéltsa b AHHLER HeBRSpeARYd NT.
network, the at | east one power/data iner operative to generate and

i nj ect 18 AIRNIAY plgsesege eSS PETiel tOOﬁtleaSh sefog af t}@dﬂmﬁahﬁmzft nedersvisithmal

recei vegdafhmatibecAaha communi cations cabling network so as to yield a
conbi n:r% povvera;lda%a s?gnal whi ch is subsequently output onto the data

communi cat i giere 18 @mvudxg inatewoddnca vdthathe [peessitt inmtipmweswtdmt far gptributing
adapt Edeléca'hcéffgcﬁl’é/r ovel & dgt%né%mr}l? mc(f%\rll\%%lgat %ﬁ'asngw% ?lbeno r%élff{ge ﬁ}ncar ow

separate t om t'he ofi gl ha ata commufi ca

f requewwepommgmorﬂhen@atc@mmmgm dath i comsnungihioiskcabitiye aetork, s an

Et her net bas«; L ocaL1 Ar ea tvvork The ower/d ta conbi ner c¢ n be
S

i npl eneRP'&d AsTEPaRgdrco n@ ?ﬁttone Ht E‘Hn TSP ther ETGe P
(LAN) hadatrizhl povked aid tdlﬁéhatﬁrc%nmtdéﬁéd% dab¥) network, the at least one power/data

combiner operative to generate and inject a low frequency power signal onto a data
communications signal received from the data communications cabling network so as to yield
a combined power/data signal which is subsequently output onto the data communications
cabling network and at least one power/data splitter adapted to receive the combined
power/data signal and to extract and separate therefrom the original data communication
signal and the low frequency power signal.

The data communications network may comprise an Ethernet based Local Area
Network (LAN). The power/data combiner can be impiemented as a standalone unit,
integrated into a Local Area Network (LAN) hub or into a Local Area Network (LAN)

switch.



switch. 35 The power/data conbiner may conprise a plurality of data only
input ports and a plurality of data plus power output ports, each data in
port and data plus power output port formng a separate channel. In
addition, the power/data conbiner is adapted to receive electrical froman
AC mai ns power T%@%‘f’ﬁé‘ia@, cmbingTi mee cpuptiseht @iPdite rof Sappdnty (MgRSPodY a@ a
anot her p ali Ad£onh) rldata _conbiner, conpri ses neans for
filteri ngolglvi@rg,h@?% eque@;r})ﬁgﬁege!}g#ﬁg (y}fsi f)%ﬁea,%taf B rPOSeHY; ‘%&nﬁﬁ%p%"ﬂ?ﬁéwt PATt he
| ow f r equelREY "B otvsePagitg vhinnet. orfn cddinieot ihegpaves/dadi Soie G laBghtdd B FR¥ve

frequency fowar g nd fromth onbi ned out put power/data signal
and for detect iangjoglg- %gg—ngﬂsdp %W/eerrrle%egg“{éoﬁ’dﬁ”f‘?t(gﬁgp% ¢ PRECTHHBINET Sdat put

power / dat a&nogegpaver/ditsecompateem f urt her conpri ses a managenent unit for
noni toring and 4provi Sifr)dni ng, .via the data comuni cations cabling network,

the power/data combi NEFE2aHPheOMPESEs Bptost 0B Hatering highefiedquenayheoistated

communi catripples foalkasigy ARt Werda: i}l;h@ep;gwerrég@;@y %g{,/ie; ts%gja]cqp&r m}iem%l ere ted
as a standalone unit or integrated into a network devi ce. e powér? at a
conbi ner OEHIRE s g Ingrersy rovsesBealfewed fropo theetombinel autiuo pyeertdang -t he
extract ed sigayy dnd B 8REN; &had] | L, Rre out put voltages.
There is anso pr ovVi dgg&%n%%\ggé%fﬁ@gd\?ﬁ ﬁontg ﬁ@“%?%éeen‘i" %H\?Br’ff‘fpé’h?‘éw‘?fgﬁ%d
for distFept| ng el ectrical power over a data comuni cation cabling
infrastructure electrical power. consun ng network devjces,

t he met hod cong%tig)g}ﬁ%gnt rtélg}s){oznpvsm%?aSlgﬂa@rcglfﬁr’rﬁmafor MGRRATI08 GO REYYisimings vigi gnal
froma S0ﬂ“le(ﬁ@tao‘?owhmdtationababﬂiﬂg\lﬁétwdrlﬂjt@ﬁdvﬂ:@/dﬁtﬁQo}n@iﬂexfsra%glﬁg%%datijg}ﬁ?t@rs :
:signal inogatgdqlaghg conmmuni cat i.ons glgnal being carried over the ddta
communi cat’i'0ns cagﬁar‘fﬁmﬁ‘é’f’mﬁ‘%‘sﬁ lipg negvgkner at e a conbi ned power/ dat a

signal, transnThd pdgertdies B ARthe RPWRIAHRALR asgt%@?iong ok 8!‘/\2’1%%%%% iné? 8nal

conmmuni cat i on abling _network, receiving the co ned p
POt G & 18

carried oV& S a SRAYRTEaE; eambings| Mayg corepriver kn aUDEPbi DIA/DQ fpdveer

conbi ned @avetdrdat doflefal the xR ' . connuni cat i on si gnal
separated fromthe low fr equencilgdglgyeir%qgf%ﬂiio%ﬁglr%%e? % WeUBYGHER Wi t h

a pref er r@¥2&bodi nent of the present invention, the data communi cations
network includes anpfthe Still further

rps%tpr éefgginlc‘]a%gafl 'g‘r o oL KGN
in accordance with a pr oferrEa ebSdCREseg iy, © el pventoAmehipd oRe
sour ce ofdigfiaging dedtrigbpeweri avet 11das canmAGcIRinNGbPNRR 2§ BLRRE RCIR or Fife
source [ ower al so includ n uni nterruptabl e Power
Supply ( b&ﬁgﬁc%ﬂ)é&&%on&mmg AL cllewces, the metgo&?l comprising the stgps of generating a
low frequency power signal from a source of electrical power, injecting the low frequency
power signal into a data communications signal being carried over the data communications
cabling network so as to generate a combined power/data signal, transmitting the combined
power/data signal onto the data communications cabling network, receiving the combined
power/data signal carried over the data communication cabling network and splitting the
combined power/data signal so as to yield the data communication signal separated from the
low frequency power signal.
Further in accordance with a preferred embodiment of the present invention,
the data communications network includes an Ethernet based Local Area Network (LAN).
Sull further in accordance with a preferred embodiment of the present

invention, the source of electrical power includes an AC mains power receptacle. The source

of electrical power may also include an uninterruptable Power Supply (UPS).
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36 Additionally in accordance with a preferred enbodi ment of the present

i nvention, the nmethod, further includes the steps of. filtering high
frequency noise and ripple fromsaid | ow frequency power signal, sensing
the current in said ]ow frequency power .signal connectin n

di sconnecting the I‘Atdﬂ‘tf%@]hgﬂc?x%\"i\%‘iﬁ §“i“§n§| erf?”ﬁ%F“TbP@H%ePgé)%c frbP gt

out put pawedntidatiae siegtal firthet ReLHAGHAOh O fidBGrONEK Headnsondid densyh sai d
combi ned out put power/data signal, and converting the extracted |ow
frequency PHuBY 18T GRAICIFHPDV BriE e SrEne thegystitin v loagBlucTtgiow s §ighdlr t her
provi ded dophRGRORARNEL Mg e aneg‘@cmen&)nggﬁy 9?11::1@l t§%BE &0l e combined
distributing electrical power over a data communfcation cabling

i nfrast r QiAW eowe’datresional, rMstastingehebid i2ed bverbne cositings ni: sgd nemioek odigvi ces

i ncl udin o@ve%&tﬁsigf?ﬂ,‘%{li' C%@,?%Qpﬂhg%%wgd log,eflﬁro gé%ry e%ﬁﬁ%{%;%‘? b ofit SPEB}ﬁCal

power, power supply means r generating power signal from
t he sour oetpuf vetages ri cal power, conbi ner neans coupled to the data
conmuni cati ons cabljng.network, .the conbiner nmeans for .injecting.the | ow
Frequency. poner - o BB SHIS Houdiin GRRAEE sl R Arriiribgeh gl Frec
over t he daattartiageieumiceiaidven svealdatemmetiyibk csiflingSnftBtrydt@ledo an€ oimpbired
power/datfi sjgnal, regulator nmeans for regulating the injection of the |ow
f r equency S\ PSYVEnSPIYRERS t‘lﬁ‘é"oﬂ%td&"’&%ﬁ‘lﬁ%%ﬁﬁ i"f‘oﬁ%“:L sjogvrinicatipgs calggl at i on
i ncl udi ngerwlidt, N@urdel d¥ diMidal pow&ASHNE %&sgy rﬂhﬁ_ﬁtfbpéknglfatiﬁ%@ 1bQVrdduestyency

power signal and |imting its current, exfraction neans Tor extracting the
| ow f r eqieYies sigphelfoms| dia aource rad nglectiecat GAYER etdrpove riedat sowtlehsd thdafeor
pover 51 ARt Bt 1Rl fork MTLONGRY Alns TRl Y SRS SRS
present Fgranniconddtheomaiatisateonmgni! baing casied eveohk dita cdmdesicativnEichidinget
based Lo a twork (LANY. Still,further in.accordance with.a
preferr eg%ﬁg)g? fent yéeflgtahceonbflgge%qwerﬁd%t\a}es%ﬁqa nreglﬂ%mbmr}s Oﬁﬂﬁwgﬂj@/}hge is
adapt ed injecties aifvide elbec fiequzaty fpoeen anfiConrai s E@vesmmigcapihacdignal Tte power

supply devi ma L so be adapted to receive electrjcal from an

R s EEr L TRS S0 B AP aio. CRERTE e EIeFPn ff e oY dEREnk TS
pr ef er r eslgeirandiim@ie i6f cutBe, BHRSEM mednd Y@ AR ARG eqdanNty GRWeNGilgal €S
means for filtering high frequency noise and ripple. Mreover in

accor dantemyfhe romibpieds repyegdata iigsal Arshior grutausdngy the sesiginal Agte rgomsmunipasion

regul at ogig£l@ Yhe e ING HUERSTBARS sfoak sensing the current in the |ow
frequency power signal. Additionally in accordance with a preferred
anf@semt

enbodi ment of the accdrdanenwitba preferadeguiicainmt détbé presdm oivediesn theans
for det ekl BinfRsLARM: AHoARHLOAY, EANA bONA 1020 ADANGIBR! A5 OUt PUt

power/data signa
Still further in accordance with a preferred embodiment of the present

invention the power supply device is adapted to receive electrical from an AC mains power
receptacle. The power supply device may also be adapted to receive electrical from an
unintertuptable Power Supply (UPS).

Additionally in accordance with a preferred embodiment of the present
vention combiner device includes means for filtering high frequency noise and ripple.

Moreover in accordance with a préferred embodiment of the present invention
the regulator device includes means for sensing the current in the low frequency power signal.

Additionally in accordance with a preferred embodiment of the present
invention the regulator device includes means for detecting no-load and overioad conditions

on the combined output power/data signal.
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37 Still further in accordance with a preferred enbodi nent of the present

i nvention, the systemal so i ncludes a managenent unit for nonitoring and
provi sioning, via the data comunications cabling network, the power/data
conbi ners and power/data splitters |ocated in the data conmunications
cabling network. Further in accordance with a preferred enbodi nent of the
present invention tHe fugharrBctsopriagey e rnerefied cwboA®iDC povber posener t er

for convgrdnting, thheyesh aetigdudlW milLaHENM; ' ko one or nore
out put vol t ages. @N}t;reover 1i nuaccorrndéiﬁce vvitﬁqu\g{rogﬁ(gg%?éldeﬂgg%gfﬁggtw%f t he

present PHoEACPBRuRkatiens sehing whHvdéyine eoardardesnam: - DalDR woien spbnser t er

for convehtding (e £ gLed: - y power signal into one or nore
out put volat ages. BEQI @#%Eé%%ﬁ"b%&ﬁf‘%@% "DRAW NGS The present invention
wi || be under st oodurhgt inpproednet eigh apreéerfadlempoliinasm shre pleadnk onkmgndes ai | ed

descri ption,; i { ith the dra in whjich: Figs, IA and
5 ar e S o AT BelOR ARAACBY Phue rtene b e ghnarreset low

enbodi mémtpsercl pawkrigal atteand@tnvgre kutbiGloligildg a power supply operative to
provi de el ectrica ower to | ocal area network nodes over conmunication
cabl i ng const r uct 8FTHNE" BpAFALRFE With 2 pieigrd smbedimertrishe pissent érveation

enbodi meft ex@faclidieddi@SRBlLdETMEDEITNN pofkOSonvettrdt F‘cgrﬁ'eﬁ{ng b TRt dLPuP! 0ck
di agrar’r%rl | lustrations of two alternative enbodinents of a I"0Cal - area

net wor k TPRHANGHPIREr sigsslvato angmpmpropapeolieges.o provi de el ectrical power to
| ocal area network nodes over communication cabling constructed and
operative in accordance with another preferred enbodi nent of the present
invention; Figs. 3A & BRIETRESCRIFTIONGF THECRAMAYGEns of hubs useful in -
the enbodi ments fe Frie%sntilAmand .h re %ect(iive ’ Fi_ags. 4A & 4B are
sinplified bl ock di‘dgramns of up¥ ﬁd‘“g wepe & %We‘“ wheots B gty in

t he enmbodpowent deiaiitd Begsipti@) tae? B doaRREEdH WieH the dFdvlingstn which: Si npl i fied bl ock
diagramillustration of a rt .power, allocation_and reporting circuit
useful in the entedt dente BF o %‘gPI\{%ﬁ, ﬁsﬁs diagragndfustptiony gf tgo pliergative

si mpl i fémebdsab@ibtd ekl dretShdabr GR:nef ! | Bovide efEl A &
7B are sinplified block diagramill uns% ?g??gﬁgg%ﬁgﬁﬁﬁ]eoﬁﬁow% %’rlé%tgi?:%l

ci r cui tROWFEED dcal aiea peveRbBEEN @Y SOBMUPicaion abligs povstmadedngs opdrBisg i2B

res peCtécb’cﬂJdXﬁceE{{ﬂS%ézé e ferr & Rird i BE ik b?e(;jer{? lier%Eticgr{.; agram and schemat i c

illustrations of : o
Figs. 2A and 2B are simplified block diagram illustrations of two alternative

embodiments of a focal area network including a power supply operative to provide electrical
power to local area network nodes over communication cabling constructed and operative in
accordance with another preferred embodiment of the present invention;

Figs. 3A & 3B are simplified block diagrams of hubs useful in the
embodiments of Figs. 1A and 1B respectively; ‘

Figs. 4A & 4B are simplified block diagrams of hubs and power supply
subsystems useful in the embodiments of Figs. 2A & 2B respectively;

Fig. 5 is a simplified block diagram illustration of a smart power allocation and
reporting circuit useful in the embodiments of Figs. 3 A, 3B, 4A and 4B;

Fig. 6 is a simplified schematic illustration of the embodiment of Fig. 5;

Figs. 7A & 7B are simplified block diagram illustrations of LAN node
interface circuits useful in the embodiments of Figs. 1A & 2A and Figs. 1B & 2B
respectively;

Figs. 8A - 8G are simplified block diagram and schematic illustrations of

33



vari ous enbodi nents of a conbiner useful in the enbodi nents of Figs. 3A and
4A; Figs. 9A - 9G are sinplified block diagramand schematic illustrations
of various enbodi nents of a separator useful in the enbodi nents of Figs.
A, 2A & 7TAin conbination with conbiners of Figs. 8A - 8G Figs. | QA &1
OB are sinplified block diagramillustrations of two alternative

enbodi mentagioef erabedhmmttn o Catdmdnser metfibin khe entodtiangs gfdnes 3 8 uppk: and
managenment over  copuunjcalio >abl i nstruct ed . an rat i j
accordance with a pref eryr‘ﬂlr egb g%b%%?‘r]rg%b%?{lt Jéraﬁ eagcénstcgt?n%\?%n%}%#?oﬁag

| A & | | Baape sinhpdinfehedibl apkratirage@his tHeustodinains obFigs WwoA AR A etk rat ive
enbodi ment s b%‘atig Iw?t%z%l rea ?Et V\Dé% iSB(_:I udi ng power supply and managenent
uni t operafnl ve 0 pr8{}]| gE= & e&rvieal power to | ocal area network nodes
over conmuni cati on Feabling; 188 ge sihdhid Hi2dk @ngasiimptialibedothacketiangr am
illustrati ng. of a gub useful . in the’en‘?odi ments of Figs. 1OA &1 OB
respect i veaﬁv, Imengy gs CBRUKCALNBS ARV h‘tﬂ‘fdl“i?eﬂo"fﬂro?ékpfdiﬁé.‘é (BT VSR | ons
of a hub camchudicaRONEcaSIHRP | YndRdic-ABAAD SRS URS St S Ats ehbth Tan phdFBred
embodi ments of Fig. 11A & IIB respectively; Figs. 14A & 14B are sinplified
bl ock di &gibafiErcgt of the peesenf wverfionhode configurati ons useful in the

enbodi nents of Fi g%;,.| R . - Fl G -1 i Lfted

bl ock di agram of airl Sdleﬁégnffll gur as'krpélhﬁ%ﬁléc%{l@%%# gléussaé lé{g c?etgf%)lr%)[ éﬂggeé‘ﬁeovm in
Fi gs. 14AmRodirBntsRifg. loda aies netwgenmchidinggdwet sipplyaant! midrageshenatunn gp@esiver
managene I.D: . nor mal eration d reduced power nodes,.of the

ot aar i Cprofid8 el richllRL IR Bick e nd 8 B0 SRRl EBISL | I e
illustrating one sFgp i &heBfdrewmhdified blockidhgrabdiliusirgons b8A habdisdBBn

t oget her are ,a enerafléj_ze? flowchart illustrating a preferred enbodi nent
of the i MO Ot 106 £ LB 5eResHLippl y functionality which appears
in Fig. 17, Figs.Fib9A3418B13H 9 anpil8DoRER denst dlisaatbds! se has bad g@ach
illustrating one possible mechanismfor full or no functionality operation
in an i nPOVEINRPY mswernagerasigehesteTspehliip thhempedmenaral e H4y & 168 Fi gs.
20A, 20BresgQGvapd 20D are generalized flowcharts each illustrating one
possi bl e nechanism for full or reduced functionality operation in an

i nvol untary power Figanifferfent4Bstaegp simplified bibdwalirgramsofof Riwg. difBrergonode

configurations useful in the embodiments of Figs. 10A, 10B, 11A & 11B;
Fig. 15 is 2 simplified block diagram of a node configuration which combines
the features shown in Figs. 14A & 14B;
Fig. 16 is a generalized flowchart illustrating power management in both
normal operation and reduced power modes of the networks of Figs. 104, 10B, 11A & 11B;
Fig. 17 is a generalized flowchart illustrating one step in the flowchart of Fig.
16;
Figs. 18A and 18B together are a generalized flowchart illustrating a preferred
embodiment of the interrogation and initial power supply functionality which appears in Fig.
17;
Figs. 194, 19B, 19C and 19D are generalized flowcharts each illustrating one
possible mechanism for full or no functionality operation in an involuntary power
management step in the flowchart of Fig. 16,
Figs. 204, 20B, 20C and 20D are generalized flowcharts each illustrating one

possible mechanism for full or reduced functionality operation in an involuntary power

management step in the flowchart of Fig. 16;



Figs. 21.A 21B, 21C and 21D are generalized flowharts each illustrating
one possible nechanismfor node initiated sl eep node operation in a

vol untary power nanagenent step in the flowhart of Fig. 16; Figs. 22A
22B, 22C and 22D are generalized flowharts each illustrating one possible
mechani smfor hub inpitiated sl eep node operation in a voluntary power
management  step it $he ! olfbndit 22 gre spgeraiagsiovadacts on liggaingne23D
are genergisiiBRd rfecBMEHar fos £ARN idilidibt okl REhIRNE e ROSS IR £ \%ﬁ%@@é}or
full or no functionality prioritized operation |ﬁ a voluntary po
nmanagenenTEEEpeqtsaphe el fowehar of B Fig. 16; Figs. 24A, 24B, 24C and 24D
are general i zed f1 qyehas { sy gaohcidoly 4108, ANS4 RARALE! S IBERADISBLO!
full or reduced functionality prioritized~operation inh a vo ur%ltaryg power
managemertesskle pracharisve forlhoakitiated eleefFingde dferateingn a2bhirsara pbivarckadbagrmam

il lustraty BRI ' art data comunications network wherein

net wor k cflteei\ilslgrtl:gl{s']i are coﬁg Igt:l%’o the AC main utility power; Figs. 26A and

26B are a bl ock di &gpsardA,|23esE@EENAG3Brarexanplieed @backoRTHE FRbARAS oaYSt em
i ent Jinvention wherein_ network

constructed.i,n _accor.dance th the pre

devi ces §g5é?‘?zé? e@ﬁ%rﬁst”?i ﬁraﬁwa?fd“%gﬂﬁgi"@@bﬁﬂ%‘ﬁe@i‘i%‘ﬁr"’é‘@érm Pheleda RO3ST e;

Fi g_ 27 insanagdment keglirnge apwildustriatisng a power/ data conbiner unit for
placing electrical, power onto the data conmunications infrastructure; and

Fig. 28 is a bl ockYi#sagitartBl P erd2 il grassrewdieed douchaps cacheillustriting os
separ at i pessithd lchdrbeh FRORRI of QUdheld Gyt UnLEAt b ONS:hnr re.
DETAI LED@DESCRI PTI ON OF PREFERRED EW@PM%B*&%&%@?%‘&MQ ﬁ’é{ﬁlﬁ% Fig_
| A, whi cROVY Rangeempentsicedn the dlokvchisragifam 16.1 | ustration of a | ocal area

net wor k construct a operatjve i,n _accordance with a preferred

embodi nent of theeﬁﬁ'ers]ie%ntlpi %vék’f?oﬁ{agf&sm sWENT4HRg A eKaOPIE h BREF | &t i ded
a | ocal sgremunipgions nktwotAMereiamprwak dgvidestidcolPledhtt @it AS naaRkIRH powt;

cabling 11, preferably stru red capljng system to a plurality of LAN
nodes, such as a d@git %%Ac%g%grarfﬁ g}g’ﬁ%b‘g&%ﬁ%‘r allustrating, ap, exampRle datfachi ne

16, a LAdbaehephpae, sysksOckizewite@SinascchRiah@l GRINOMS bihset GOORWLEWhERin and a
server 22. C?cg{ing |1 is preferably conventional LAN cabling having four
pai rs of "TVRINGEELERPET elbitrend aphpfteark eyaedizity grerahe sameowhish j acket. In
the enbodi nent . of Hj @7 kA blodSdidhrhin BEsAESLY ] bABREOWA; t one
of the pairs of twi%ted cop?oer IMv%r_r es'1 i% en%l g?g%rﬁ%ﬁ%agﬁsgﬁfgtrn%tdlﬁg ot h
dat a andléUEeH powen onothe date Gomawaisaddnstifastrattwe; knd Typi cal |y two such

Fig. 28 is a block diagram illustrating a power/data splitter unit for separating

electrical power form the data communications infrastructure.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Fig. 1A, which is a simplified block diagram
illustration of a local area network constructed and operative in accordance with a preferred
embodiment of the present invention. As seen in Fig. 1A, there is provided a local area
network (LAN) comprising a hub 10 which is coupled, by cabling 11, preferably a structured
cabling system, to a plurality of LAN nodes, such as a desktop computer 12, 2 web camera 14,
a facsimile machine 16, a LAN telephone, also kanown as an IP telephone 18, a computer 20
and a server 22.

Cabling 11 is preferably conventional LAN cabling having four pairs of
twisted copper wires cabled together under a common jacket. In the embodiment of Fig. 1A,

as will be described hereinbelow, at least one of the pairs of twisted copper wires is employed
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pairs are enployed for transmtting both data and el ectrical power al ong
-each line connecting a hub to each node, while one such pair carries data
only and a fourth pair is maintained as a spare and carries neither data
nor power. In accordance with a preferred enbodi nent of the present

invention there is provided a power supply subsystem 30 which is operative
to provi d& ZFSPEHaY PalristopEl deqtig! Pevehgciedps pbike metrwat THPe®YY t8e mectof

sai d pl umpaird ir¥ eﬁlfpi)d}@&j?& t%h?mﬁﬁ%p\mpdéltg BN ieliNe, p%&%@ﬁé@a&:h%ﬂa%%ﬁx:e#e

connecting the hub'to various N nodes. In the’illustrated el of
Fig, |A 2Subsystdmodo wisle|amesuddaiiiqeimias deteonbharsi 4 Bughgair ne nadisned apewer

suppl y 33pé4\@5§d1ca§x‘iﬁgmeitﬁe?,d9ﬁ‘?{oﬁh&&g_ power and/or backup power to various

LAN nodes vi a the conmuni cati oh cabling. The comruni cation cabling connects
a LAN switch 34 vinaacgordemigi wigr a 36ftroedt trebodineaus theAprenan ésventitre tteentsi ner

coupl es i r.om ower supply 32 along the -comunication
cabl i ng b el dRber BRUE b 7RG o8RBT S el Sporane
cogrr;mi E:_alt :blmicspf ;;rawnrh JI[_tA!\hthhﬁtcdmrrﬂ%fp&?? pibrattygbf EnEeg[s tciﬁﬂbxis:nlalb 3@,antd_ the
subst ant | wi.t hout..interference. is s a e comuni cation
. cabling f&?m%{?'%%(’?ﬁgblﬁﬁt?oi’ﬂfcflfﬂg {E‘ﬁg‘”ﬁ&ﬁ’&r@bs Ie‘g‘g]n‘fﬂﬁf%r 12, facsinile machine
16 and conputer 2QnaR¢ nh&sat@@&;hbmgthigay&g%bg@eéﬁrzo iWMaEAt8d LAiBin the
comuni cation cabling fromthe hub 10 to the hub 'canera 14 and LAN

t el ephon®® HBNEdRGiNdes apgpver espply SrivhieesnpliPhepepsinemorstandie kedmpasinat i on
cabl i ng HramidTeAlwbddsYif ME coRBE YR i abRd TS CQ%Xrggﬂﬁo%’cabi ARl egl 1y

LAN arrangenent constructed and operative 1n accordance W a preterred
enbodi nehg“]éﬂ’ iteh 34 praaseombinende ta fhe Maridus LASN aograr Theoarkdinet eatpieseelatridahe
enbodi men, ol dfl dat nd power are carried on the sane
twi sted ‘copper pgjferéd%fe%g\%sp Igg%g & éﬁ%go?j g?lcaetéoc%c%gngt ﬁoeatl_ﬁﬁftr%ﬁlgs&fge- 20
whi ch r deANvaslep oRidiresioen! dithecocmmamivatiost from LDl iswiych Bel pate Siuglenas at or

for sep i e electrical p r fromthe data. In the illustrated
enbodi mascﬁcl) E)r%g&%’gybﬁ?ani,aﬁjf Wétg%%b'g\?,%’?}’rcg' are typically internal to the

respective nodes &nd sednethitothe SeRALAERIO AOBAGNRITRE thethuBeiong APREASHRAT ed
that alter natti égl %{W.di screh.e separators nma e_enpl oyed. Reference is now
made to FPEUe] B> T RHE jmaching; IgmAnd fGogpupst gRkcaaiadiodhflate | and declapi BAVST a

| ocal aneenid YaHikudORDh ISR theORB! AL e hib AGEH 92066 1 WN Hzié%ﬂ&txeher _
preferred enbodi nent of the present invention- As seen in Fig- IB, there is

provi ded *&£2ITt58 apth difacind wpemaBPk PO LA HerRoninginirgtian pabthing Grosh Hrethubgo disupl ed,
UAN nodia ecin pRIE SR St n oo R T A0 PRl A Yk ed B BRI,
machi ne 26®rdagce With & erefgredreabodingot dfitbevpresent tavehtRnt el ephone 68, a
It is a particular feature of the embodiment of Fig. 1A that both data and power
are carried on the same twisted copper pair.
It is appreciated that each of the LAN nodes 12 - 20 which receives power over
the communication cabling includes a separator for separating the electrical power from the
data. In the illustrated embodiment of Fig. 1A, the separators are typically internal to the
respective nodes and are not separately designated, it being appreciated that alternatively
discrete separators may be employed.
Reference is now made to Fig. 1B, which is a simplified block diagram
illustration of a local area network constructed and operative in accordance with another
preferred embodiment of the present invention. As seen in Fig. 1B, there is provided a local

area network (LAN) comprising a hub 60 which is coupled, by cabling 61, preferably a

structured cabling system, to a plurality of LAN nodes, such as a deskiop computer 62, a web
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conputer 70 and a server 72. Cabling 61 is preferably conventional LAN

cabling having four pairs of tw sted copper wres cabl ed together under a

comon jacket. In the enbodinment of Fig. 1B, in contrast to the

arrangenent descri bed above with respect to Fig. |A and as will be

descri bed herei&bel ow, at least one of the pairs of twi sted copper wires is
or

enpl oyed SHIS21%8r 2 FFESHRLHMRERIRG 61 2EAN EiPhesswalso keowroakean BY tolenaonsetlacr k

and at | eashp@aser®indtherpaikts of twisted copper wires is enployed only for
transmtting data. Typically two such pairs are enployed for transmtting
data only and two stihingabt gs areferehly eyeantomnkly LAdF cahlipgl javimg Elue ataith cefl
power al opgse@chyld- ke ' h pnode. .ln accordance wth a
preferred e?rbodi I?réent g?ggﬂgfgﬁg%gﬁ%@ﬁ%gﬁﬁggﬁc &F gn tih% empcr) dr\flie%eﬁ"\pl)\fol%ﬁer
suppl y subis§atest 80 tiwhiwingesiempagsatibadeaticoe pridvirghpectto | Bast A smdeasopél aki ng
or backupyRyer, . east_sonme of, sai.d plurality of .nodes via.th ub 60
and t he ((i:@gmmr?i %g?l?%ﬁéwc’g%Ilﬁaﬁ[gongloqé%?1%aé%tq%ﬁ‘é’mféﬁecoﬁ% “f‘rc?s\llsa‘?l?%?%edlf’,& ddes.
In the iltusmitdngdicetrbeidiavanto addesiod thelBrwsaithoy st @Mt 3Qe iof teqRat 8dwikiehi
the hub C60 arnd. i ncl udes p?y\/\g Zﬁffﬁl ﬁ‘g?fz whi ch §uppl i es operating power
and/ or backKip PoReF SMPEXFEENHULT HARETESatA dyPiRallycisionival aifs ¥a cerRYedg.
The commubi eahérBiftifABAth NG HHNEREE Sud pdiANS WitV e8%nli & SRRLY
interface 86 to the vari ou)‘s: LAN noltlje_sl.3 Ther pov?e%}esugéjl yraﬁuﬁﬁgﬁlgace 86

di st ri butRe¥vesploge erdidinesongacting v hvh teecaglonsde. supply 82, along twi sted pairs

of the comunicat iR CARIH-0%ifila E{I‘lﬁédaernﬁnoﬁ engz)?g]ef QLscGALYINY fakas O

at | east sonme of the LAN nodes. ectiona onmuni cations Trom LAN
swi tch 84 pddet @ hewergivppiieupywem 80swpioh ys omrtative ac pro8ide as lehs tsame iopbraging

W t hout inter Lt is.seen th t he canmuni cation cabling 61 fromthe
b 80 ¢ &t REK L HRFEL k0 T BT EPmp S el R e b b b g dhe 70
carries bommudsadationcabling 6k upnrponiveythe altongageRAr A qodesi sSted pairs, while the
communi cati on cabl 'anrﬁp frorgt e hub 62#0 he hub canera 64 and LAN
t el ephone 68 carri &8 V5ot H A SRR "B ° i‘%glhaéwﬂsmcﬁ?gm%%&da‘%’@mttm st ed
pai rs andub be and melides abbwer saaélkzlsagmﬁélh $uppiiestdpRraiHY pGler A oP 8akBp YEver 2

|y LAN arraggement constructed and

carries only, data, in a typically L/ r
operat i v Y%‘Oé‘é m%\?ﬂ%_"w tg%“‘ﬁ“mﬁlﬂléﬁté’ﬁrcé‘ﬂmé brisqremuniestion lieblipg eormrcts a
Gat & and poner e e A & oy B SARE et T e ol
communi cHESTEITe SAlstistrlptes elestrival ppwerafppmn dhsi pived stipiy 82 atimgaivistduepairANf tiotles 62
connect of T alaLcBNED) RRD < PSRRI Suiht SadB i B d SRR 1o
a node powies. Bufirectorah dasiepaunratetations finec LIAN) stiteh 8w [mise dhrpagh $heC povwyr Ng
supply interface 86, substantially without interference.
It is seen that the communication cabling 61 from the hub 60 to the desktop
computer 62, facsimile machine 66 and computer 70 carries both data and backup power
along separate twisted pairs, while the communication cabling 61 from the hub 60 to the hub
camera 64 and LAN telephone 68 carries both data and operating power along separate
twisted pairs and the communication cabling 61 from the hub 60 to the server 72 carries only
data, in a typically LAN arrangement constructed and operative in accordance with a
preferred embodiment of the present invention.
It is a particular feature of the embodiment of Fig. 1B that data and power are
carried on separate twisted copper pairs of each communication cabling line.
It 1s appreciated that each of the LAN nodes 62 - 70 which recetves power over

the communication cabling 61 includes a connector for connecting the twisted pairs carrying
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data to a data input of the node. In the illustrated enbodi nent of Fig. |

B, the connectors are typically internal to the respective nodes and are
not separately designated, it being appreciated that alternatively

di screte connectors may be enployed. It is appreciated that Figs. | A and |
Billustrates two enbodi nrents of a system providing electric, power to

pl ural LSANIHGEHEIWE 8 2andsa BORRFISUERINAIRISeRI 1B cemiiskiingythe AWHE R GATHBE hub to

various damorhoglﬁa?inﬁe@% REhodMh BRRGE dete&bea‘jmf_%msaféﬁigmH),ﬁ@é/l:&{ne&orse;r@_ct ric

power to plural LAN nodes via a hub and conmmuni cation cabling connecting

t he hub tyrigalyaiitensl EANDHOERRSCtaE entdel Laidr atcetoti FepRiagy EASBALIB. ItFPYRZ 2A &
2B il u%g{;r%h%teﬁ thﬁ%gémézﬁ\%% di{b?étg‘?&ﬁe&ggln'i'zg) V\%%@m&%@’gr supply operative to

provi de ectrica ower to local area ne S over conmuni cation
cabling. In the ildiwsppratiged enbbgs nenindoiB Hlugtrat@Awoaencmdiresits ohabyskerb 100

does not r.ovi de el ectrical ,power,.over. the co ni cation cablin and a
Cover "omsanoRE &St Bl 18 mBRl Taul thbel M foRTE thf Topiaaieh (Reies 200 2
power suppie¢tiddheabeb vatiiplli e nodse rabihBgtwaosteiodaneht 06 Dastenuproyidiey t o
vari ous LAN nodes via Ehm{go:c?mni cgﬁtﬂl}on cabl i ng .101, .The com*runhca}bqi on
cabl i ng SEEHIKRAET p pIARY & €594 230 28 FRREPRRfonfaBlingPRE e BOR ner
136 in poOwWatous W )ﬁo&éé%élﬁﬁlﬁfﬁtédﬁg_}gﬁgd 28088 Fist 518 &€ ophInehtel Didchiearyar i ous
LAN nodes. The conbiner 136 provides electrical power fromthe power

suppl y 1gvosk Bisldinges poamftRAlC enarBivedaBravifly elestrisel pavees o lnsalearet netWar AN

nodes. ﬁb@sr&ggémni%ggcabqig?mni cations from LAN switch 134 pass through
the conbi ner 136, substantialfTy without interference. Cabling 101 is

pref erably convenin tealiuitrandcatiiodmenh of ifg 349w cpaentsonef huly W06 tdegs adpper

W res cabl ed together under..a conmon_ j ackef.. t he enmbodi nent. of Fig. 2A,
o v 11 BT el B Rl 8 GRPRRebAEEBling A o SR SR oo Bl Bl
copper W@ és locatednpdtaysty of aub tioanswi intiudes bgidwwed atpplandzelveachr supgliespower

t o nodes of .the net k, Typically two su airs are enpl.oyed for

L anom SPRFSOUH GHOA BShIOPETE D AT oMeY el B On g ¢ ne
power supplThesddmsainsda@ibh ¢dding Qomaeh DAR, swilth 184 @AQoskaHoRAIMEL Q@0Itbas dat a
only and a, fourth pair is nmaintained as a spare and, carries neitf dat a
nor  powedmbiper 13§ 18 payer {APLY SERSYHEHh R i2Rd cPRIRCte His SoRBineD 10 Fe aRTiPYe g%’mer

SUppl Y néué- S LoMBiAG01 I0pbliBedSSKEHSN FRBR WoRT thklfowdr aGspIi 38 AIBsHie 116
and conputer 120 carries both data and back- ug_b{)omer, while the
conmuni eXRmBRICHEN jcablifg dm ehdepdwerme uphithe B4D- spdee mBidoectianalhdalup

camer a JddmaidatANALE ERRQUNS #?% ﬁ}@s% Ellggﬁ%lﬁfﬂ% ggrqgﬁl@r ﬁs’eb‘? subsBRA4IR} Wdomower

and the comuni cation cabling tot server 122 carries 43
onl y dainter&erehcerny, but need not pass through subsystem 130, in a typically
LAN arrangerment Cabling 101 is preferably conventional LAN cabling having four pairs of
twisted copper wires cabled together under a common jacket. In the embodiment of Fig. 2A,
as will be described hereinbelow, at least one of the pairs of twisted copper wires is employed
for transmitting both data and electrical power to nodes of the network. Typically two such
pairs are employed for transmitting both data and electrical power along each line connecting
the power supply sub-system 130 to each node, while one such pair carries data only and a
fourth pair is maintained as a spare and carries neither data nor pbia%e;.

It is seen that the communication cabling 101 from the power supply
sub-systern 130 to the desktop computer 112, facsimile machine 116 and computer 120
carries both data and backup power, while the communication cabling from the power supply
sub-system 130 to the hub camera 114 and LAN telephone 118 carries both data and

operating power and the communication cabling from the hub 100 to the server 122 carries
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constructed and operative in accordance with a preferred enbodi nent of the
present invention. It is a particular feature of the enbodi nent of Fig. 2A
that both data and power are carried on the same tw sted copper pair. In
the illustrated enbodi mrent of Fig. 2A, each of the LAN nodes 112 - 120

whi ch r ecebVRSaAWa mdySER RV i separator .fqr separating
the data fro]% t he elégb?ﬁing%dl ]q%gj\ia\é!r&%g%}gf@ﬁf%&? Ilzu%? lagﬁ%ﬁﬂgmﬁ”@%&m‘eﬁb.
The ext er n&PPSEepet A"gr Speagzeciratedrdanit hvitiespentinee BadeimdA2 of tA2brake
desi gnat ediQyniigspecti ve reference nunbers 142 - 149. Each such separator
has a communi cation cabling input and separate data and power outputs. It

i s appreciated that Xomepagrcubdrifeanire bhiae sotiesimti2orFid 20 MBYbah hghRad pysly be

provided wth, - rnal. _separators and that sone or all of the nodes 112 -
120 may be plra%nglkgégﬂ\l/ﬁS?Weé‘giségr‘fﬁi’per%bar ators. It is appreciated that in

addition to the LAN nadesi.deass hediinereinaBoye, cdhor df EARNad0YeRtion 1
usef ul V\,ithliliggyeéol her suitabl e nodes such as, for exanple, wreless L
S,

access poin HEFYBNEST 1 Pyrided gvidyan sars ed| spranttar fop separegink oldpe dioer the

CCTV canerdsiricanbatl S8R ihd@0hn RIS ERRAL SThAGEESS SARAIOL nLLS,
| apt op co 'f};t ers, network elenments such as hubs, swtches Ana rouf)ers,
noni tors ant TFerfsHye Baesk up2 uniZ0sare design@ed dydresprotikes tefitrema swmberst Big - 149,
i |l ustrat eghcl BRAGIR i ventional hub 150 does not rovi de
el ectrical. power _og%r t ﬁes {%C?hn%%?%agﬁlg%ﬂlé%ﬁ{'qu?\&naé?agﬁ% afﬂﬁﬁ%‘?“’%’&b‘ﬁf“fﬁ-
subsyst em[t Bg@piesiatedthatasdme)ar af ndltheynasies hid - 150 neyChlieAEHVIE e Jro QIR wikippl Y

182 whi chjguppld er.atin owe d/ or, backup power to various LAN
nodes via t IE:@ ng ératno?%éltd%%‘ﬁ Sgggﬁﬁ ° %%f?deﬁﬁgaﬁ&myc%tﬁféﬁd%‘ﬂﬁh egternal
iconnect s aefasbrswi t ch 184 of conventional hub 150 to a power supply

interface 186 in power supply subsystem 180 and connects the power supply
interface 186 to thﬁe‘%%ﬁﬂr%f@gq_m adaision 1 thed W modemdsisritied therefizabeve, the

di stri but esselt éplehiisils usEOMRIth bhP BIENSHROVEHLISUR i
conmuni cation cabling to at Ieasf sorrelof the L Nx%éfgdé%x.q%%ﬁf%%tsf%ﬁ%

data comiffi*€al?Bs SReErwAbElsiRE tsyhemGdepents rabinguighdsphakersp UETV iapptay,

i nt erf acealidh sersyRS tdnal, | kL i e .. Cabling 151 |s
preferably conventi gﬁde;rl énﬁ'ﬁ'&ﬁé!%s\g%sr ?%gsh%\%rﬁgﬁrg%ufrl%%gi g p(')’%er ’ﬂﬁ‘%qucfl%eﬂffer

Wi res cabfish #ofebsemvigheseand regmypmopaciseind memohe baothed e foroPCki ghd 2B,
in contraghik@ubkhe arrangenent described above with respect to Fig. 2A and
as will be described hereinbelow at |east one of the pairs of tw sted

copper wres is enphoiediwthyd featbodithehr anSig B AGcRk&GIonhICRIL PSOVAbed Rotnodes
of the ne&‘é@ﬁg e@:@g‘icgltpc}wee??)gerot ee cgrgmﬁrﬂgat%gicgglin%fIStIV\gniitaegower supply subsystem
180 1s located externally of hub 150 and includes a power supply 182 which supplies
operating power and/or backup power to various LAN nodes via the communication cabling
151. The communication cabling connects a LAN switch 184 of conventional hub 150 to a
power supply interface 186 in power supply subsystem 180 and connects the power supply
interface 186 to the various LAN nodes. The power supply interface distributes electrical
power from the power supply 182 along the communication cabling to at least some of the
LAN nodes. Bidirectional data communications from LAN switch 184 pass through the
power supply interface 186, substantially without interference,
Cabling 151 is preferably conventional LAN cabling having four pairs of
twisted copper wires cabled together under a common jacket. In the embodiment of Fig. 2B,

In contrast to the arrangement described above with respect to Fig. 2A and as will be

described hereinbelow, at least one of the pairs of twisted copper wires is employed only for

44



copper wires is enployed only for transmtting data. Typically two such -
pairs are enployed for transmtting data only and two such pairs are

enpl oyed only for supplying electrical power along each |line connecting a
hub to each node. It is seen that the conmunication cabling 151 fromthe
hub 150 t t f in 8 and EQNRLE er
170 carrltgasnts ﬁtlﬂggﬂé%t%al %tqg%kI?Ode}ggthe r%%vé{mahgtaﬂpgcgnm%ﬁ%&ch ?oﬁ cggl I ng
from t he dvpherl&est io enim@yladubnle'efmetralsmﬁwngrtialtaLAp‘bxtaélyetp)hmudl pdiggare gmploged bot h
data and rati he co nlcatlon from .150 to
the sorver 175l BE Snfhe ™ SRETHEG b PERE hB s LaP e i
subsyst emc3@0alohf) esch Mymbm&hﬂnyval_}ﬁiﬂtareaangﬁiﬁent construct ed and operative in
accordance with a preferr enbodi nent of the rese n. is a
particul ar featur el%o‘rS S?Weﬁ%tﬁﬁ%m%?ﬂ‘c%fmlﬁa@ng ﬂﬁa{‘t“g\ﬁgﬁ g‘&i@@?]‘%ore
carried oRmpeRanst Eadsihisd @Qcmm@raneaebmgu@f ma@zlan@sqmwaur@ ald BHEkeapdidg

line. In the illustrated enbodi ment of each of the LAN no es 162 -

170" whi CHISGERFVOSpEHER FY BT BequAiIEN e Bt GFTFen GG Fo PYpme

separ at el s REQWE BbddAhA %Ja&uﬂgb@w iiethe BOWRLnLARM LB LOBRUN &S L0
cabling. The external connector associated wth respective nodes 162 - 170

are desi gndeegrisy 72 spuict ovlg dafaadenge totintedrnst PO thromglgsulqgm’gﬁn 18Gicth 2
connect of g A1 SATIHALE A PTloRARETL M BLLAND i SBaaLE. ke £ouer

out puts appreci some” or K6 hodes
al t er nat |embbymtwtpﬁtbap&ed1tmve:’mom nt er naI connectors and that sone or aII of
t he nodes 162 - 170Q. vi de e n nnec
appreci at ed t hat 'ﬁ‘%@léﬁt‘f"ﬂ){ i‘fu'feh A H%%@gnt&ggﬁ%%@a Ci?gaeflﬁla‘f?&?éarthe
present icaviedbhQeparse ﬂﬁﬁ%&boﬁ%ﬁﬂhr@@?e&h%ﬁnﬁxﬂich@&i ®bhgdgs. such as, for
exanple, wireless LAN access points, energency Il%d%Fgé\{s]ystem eI enent s,

O

pagi ng | oudspeaker & thedistiated.embediment of fies dhs B8 pedesdéAso

access cqmwhqlecéwustpawml@iamme@m%%&?eman@sm&gr Rk SRRty providedy a%%a fuabs,
sw tches and routers, nonitors and nmenory backup units for PCs and

wor kst at FlspisicalRagvesr ffere thes coromnmieationt eablingy. Therextemhalcepnpecter %ﬁS‘PﬁﬂfF‘f & bl ock
di agram 9Jsg€ct1vglﬁgdessll5§h 2 arx]é@es@ateﬁsog/fngebtl;\/etljéﬁr @FQ%H&QHS’ L Bb9EachA  Hub

10 preferably conprises a convention conmer cli a y aval l LAN swi tch
34 whi chsxiqhm@tmm hasaaoniaﬂxaicatimrmhlmg:amumdmarah/datapeétpewelamdpms Itsupl ed

to conbi ner ner 3 o] ses I Y. ers
220, eac ﬁpercu\i/{iﬁd (;ﬁa@sg e o?{n%] f’fyng'lma é ]Tégl ngd at?tgglayv%é b prSWanOH&'h :
al | ocat i oneragiconegairt amiDthati sb@el ot ali SPEREARPIR242 - Eac a$BEARVARA wmh mttrmict ed
to power 45 su§|[oly 32 for receiving electrical power therefrom It is

appr eci af¥FtASt power supply 32 may
It is appreciated that in addition to the LAN nodes described hereinabove, the

present invention is useful with any other suitable nodes such as, for example, wireless LAN
access points, emergency lighting system elements, paging loudspeakers, CCTV cameras,
alarm sensors, door entry sensors, access control units, laptop computers, network elements,
such as hubs, switches and routers, monitors and memory backup units for PCs and
workstations.

Reference is now made to Fig. 3A, which is a simplified block diagram of a
hub, such as hub 10, usefill in the embodiment of Fig. 1A. Hub 10 preferably comprises a
conventional, comumercially available, LAN switch 34 which functions as a data
communication switch/repeater and is coupled to combiner 36. Combiner 36 typically
comprises a plurality of couplers 220, each of which is connected via a filter 222 to a smart

power allocation and reporting circuit (SPEAR) 224, Each SPEAR 224 is connected to power
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be physically located externally of the hub 10. Power supply 32 may be
provided with a power failure backup facility, such as a battery
connection. Each coupler 220 has two ports, one of which is preferably
connected to a port of LAN switch 34 and the other of which is preferably
connected, Vi omruni cation cabling, to a LAN node. Couplers 220 are
pref er abls‘g}p%bg? g [ IgEeIne eletipra Pevetteiefam. fowemprecitedbat fooRMiupbly AL Aay
cabl i ng substasiiialok i iterferingp th th ta communication

t her eal ong%sléi ] te}?s %tg%megr%gﬁg)rf ec?etggglg%/ lgpg%§ri s\'/‘]gpl?oggg’ﬁ/g)etm%ﬂ? e?ff“g a

i nt er por POURH2Iwedeghaivrfacibioupich nga bevearromingctionown as "crosstal k" and to

bl ock noise fromt p r l.y.32 from reachin he comruni cati on
cabling. Alternati ggﬁhy&pﬁlle{ gﬁlpaféyoﬁéjga ORSPFK@CEFSOI%}[F%E@S!Y ROBESHRA G e port
managenest L ANdviiohtr ahd subslys bEwh2B6s plefupittaddnyie b OB @hmiudicdtion cabling,
mcrocongoraojrkﬁr preferably controls the operation of the power supp%y 32,
the LAN swfc T?ff the couplers 220, the filters 222 and the SPEARS 224.
Reference is now n@sleldre FB00are3Fefatble bpefmtide $é bitl |-agr of a
hub, such _as hub. 60, useful infrhe e odp:énent‘%;%lilé?%. agﬁh&aﬂf}g”%%a%r@ erably
conpr i se¥ YPUEGHIPENF3RE) subsigRtayc vathoyt Avterfarial| with AN dete t olmBunigation h
functi ongemsloagdata conmmuni cation switch/repeater and is coupled to power
supply interface 86. Power supply interface 86 typically conprises a
plurality of filtdikers?22 awaprhteablineptrativetto agoid nmwantpd\iérpolahd datdpein and

repor t i nGuflide dhimbrhaavnat4 n OB 274 is_.connected to supply

82 for reggi_ \%Cng el edtTi calzazp%r\%/egr%{gh‘é%}dgtﬁr%(l) ZHP{Se frgmatﬁ‘ﬁrpg'&@rai”%{?gﬁg{o%omr

suppl y ggaahing the copmysicatainl cpblinge Alitechadxdle fitah £32 ffed BebdibviB. Power supply.

82 may be provi deqx i ower failure backup facility, such as a battery
I

with,a
connection. Filter s Coyl papagsment ang) ConE SHEV SR £29, AvRiFadly amhodiesdin a
i nt er pomticooaptaliey prefeabiyadhiyolk fRVdpetsion 6f B8 86 éricupARda e PheCkingisge from

t he power_ suppl 2 fromreaching the comrunication cabling. A central
manage netcoéfﬁgr%%"ﬁt %Iﬁ?@ﬁb?é?s“f“éfhezsﬁ’@ﬁﬁ%ﬁ%“cal ly enbodied in a

m crocontrol l er, pegtaialy ¥, : I t 0 uppl y 82,
the LAN switch 84, the fi |?§?{sydg%%ééhg%f %@ﬁggﬁ%g“‘g%drﬁq?"?ﬁxﬁ a8 Othae 1

the enb8UPrEAR 2fukisy. ughil iv siptmbediars ofdlis pifo\Hide@0 prafastiychmassgomer and
25,0 bl SR SoRpiAle, LA SR Sl G0 LB o,
t he opef@fNgRICEION $natchGepuaige ang up pbuplédntoepdvac eupply interface 86, Power supply
interface 86 typically comprises a plurality of filters 272, each connected to a smart power
allocation and reporting circuit (SPEAR) 274. Each SPEAR 274 is connected to power supply
82 for receiving electrical power therefrom. It is appreciated that power supply 82 may be
physically located externally of the hub 60. Power supply 82 may be provided with a power
{ fatlure backup facility, such as a battery connection,
Filters 272 are preferably operative to avoid unwanted interport coupling,
commonly known as "crosstalk" and to block noise from the power supply 82 from reaching
the communication cabling,
A central management and control subsystem 276, typically embodied in a
microcontroller, preferably controls the operation of the power supply 82, the LAN switch 84,
the filters 272 and the SPEARs 274.
It is seen that in the embodiment of Fig. 3B, couplers are not provided

nasmuch as power and data are transmitted over separate twisted pairs. The data carried on

conductors via the power supply interface is substantially unaffected by the operation of the
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Reference is now made to Fig. 4A, which is a sinplified bl ock diagram of
hub 100 and the power supply subsystem 130 enpl oyed in the enbodi nent of
Fig. 2A. Hub 100 preferably conprises a conventional, conmercially

avai l abl e, LAN switch 134 which functions as a data conmuni cation
switch/repeater and is coupled to conbiner 136 formng part of power
supply mystpemim&ﬁfacﬁonbi ner 136 typically conprises a plurality of

coupl ers 320, eac f _which 0 d v filt 2.to a t. power
allocation and r eﬁgﬁ?r}cﬁgs (e fé 0?@%%) lggl}l% a@érg%iefr@é%ﬁkég%rl s%?énbnect ed
t o poweriosupplie dader gy s%%),rstexhdr‘o repkiyed ngtheleedbdineal offtperAt Helr @6¢ om | t

IS apprec d that . power 132 ma II Ioc d e rnal |y
of the %?@‘Pg@u[ﬁ?ﬂl@n@ﬁb%f@f‘%%%fé@ C%%&‘@@pﬁ%}%ﬁ%Q y P p(r?iﬁ/ ‘gl?ég‘imth a
pover f aihddcgs Rag kiR bastunidaion §Nﬁ&h/r@§ea@ert@ﬁt1§EUup@d&rtﬂQﬁhﬂbﬁl@r 1E@ehmtaupl er
320 has two ports, one of which |s(g0referab connected to a or} ol LAN

swit ch P3% einBoWHeswWHe sulsysiami &30. i omhingrel b xpicali rompases §jRlurality o

communi ¢ghiioQ azﬁa%lch whilh & 0006, LA £5251032 Omatk %O‘Qélefalﬁf(;@@ély and
operative to couple electrical power to the conmunication cabli

_Subst antrépeirting dijctiin BRE AR} 334 EathEPIMR A24 ecodagcieddo marwern searly dA2 Uﬁﬁe?@al ong.
Fil f bl
lters f(?rz%cgi(r%gpg]eectgga? ereﬁo Pz e%%o'n\l’ 9 §© g;?p‘rfgéé%{s @lﬁ!‘?'}fgﬁz %@bg} ﬁ’%tmagl e rom

interpair own ‘as

t he pomhysuﬁpllqcaﬂeﬁ?eﬁdrmﬂy asfethe: Ipbwg sthgy Gobﬂyuuemcmoi B«erabbplmg3A manbe al
managenent c?e]ra t%ontrol sgs%ﬁmﬁ% t Lf%’l rrbodgI in a

nmi cr ocoREF Y& ap?%"feérf%{ EoIR F6HY- N aé&elﬁ PG The power supply 132,
the couplers 320, Eacihf'tﬁ)uf)lle} Bmﬁas?a% parig ohdef SRCARSpraRdblyRehascesicte d ornow
‘made to Fig.. 4B Is a sinpljfjed block di agramof hub 150, and t he
pover s@pHAN §W5§1yslpémnﬂ8fbeéﬁlpﬁro%fe‘a it it RECTERPY fORRTHCdo MR PYITEBC2YR My 150
pr ef er ablyfing ORI H1€ S0 conventional , comercially available, LAN switch 184
whi ch functions as a data communi cation switchlrepeater and is coupled to

power supply intefpumers 3086 afeoprafareplp Aperagve gaweaupisupprtycal uprwest Bmtheso.
Power Sg&Pl-néni'cmo%r 1§‘.§osIaX18£1 lv!frbﬁoutcmprrfé kP kit YorRhhichiigr s 372

each coupled to a smar power | ocati1 on an eporting circuit (SPEAR) 374
Each SPE#RaB®g. i s connect ed to power supply 182 (Fig. 2B) for receiving

o cctrieal pover KHESLOO ot ARBESH O S MR B ARk By e

physical ly | ocat ower su
supply t&blingycobenondy enswdhed 'washala" pﬂ\mblofchmbm ﬁoinabé(pmvdranpmy 1%2 frgmlch as a
battery connegtion. 47 Fi l‘té%%Ejs 372 are preferably operative to avoid

unwant efFAFHPS PS5 SPEITRRIFatich cA0HRE

A central management and control subsystem 326, typically embodied in a
microcontroller, preferably controls the operation of the power supply 132, the couplers 320,
the filters 322 and the SPEARSs 324.

Reference is now made to Fig. 4B, which is a simplified block diagram of hub
150 and the power supply subsystem 180 employed in the embodiment of Fig. 2B. Hub 150
preferably comprises a conventional, commercially available, LAN switch 184 which
functions as a data communication switch/repeater and is coupled to power supply interface
186 forming part of power supply subsystem 180. Power supply interface 186 typically
comprises a plurality of filters 372 each coupled to a smart power allocation and reporting
circuit (SPEAR) 374. Each SPEAR 374 is connected to power supply 182 (Fig. 2B) for
receiving electrical power therefrom. It is appreciated that power supply 182 may be
physically located externally of the power supply subsystem 180. Power supply 182 may be

provided with a power failure backup facility, such as a battery connection.
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coupling, commonly known as "crosstal k"™ and to bl ock noise fromthe power
supply 182 from reaching the communication cabling. A central managenent
and control subsystem 376, typically enbodied in a mcrocontroller,
preferably controls the operation of the power supply 182, filters 372 and
the SPEARS 374. It _is seen that in the enbodi ment of Fig. 4B, couplers are
not provided inasHiEh a& péveEsferably apstaiivate avoid namtiee dniower: asdjateqta
tw sted paupihe el &n6@4 Ld -V [ y
interface ig subst ant%gl IyIIE Egngc??‘sgtgltkeggﬂw %%Oﬁ%r%?r%‘@% %Wﬁ@%ggé\i\?efrm%uppl y
i nt er f ac&cachingithe ooppRwtsaipadatlisat power supply 32 (Fig. 3A), power supply

82 (Fig. 3B), power 0. 4A)  and_power |y 182 (Fig. 4B)
provi de out put po%rcet%(‘r)m p@éﬁ%éeétgéf%( T‘—Cfnér?d é%sy E%Eﬁ@gﬁgﬁﬁléﬁ@bé‘gﬁgm 324
(Fig. 4Aigmebm@pher( pieferaBromedpie bparefion ofahopgwer pgply 16§, KieRLBTE &idsthe ONE
of whi ChSiPEfAﬂ\%EW”at ed as a positive conductor and i1 ndicated by (+) and
the other o ich is designated as a negative conductor and indicated by
(-). The vol tagesltisupgpen ekhttid thbentREPRGE i0reriBO! i ¥BpiaRdaRedRt hréGided
conduct or S ar e desié‘?enatfg respectively as +Vin and \ﬁn The difference
t her ebet WEER"G?S ARt 8Y2 35 NAnmitdi e prparate twisied maise The datagcarsied qvhi ch

is a sinpbidiited i aeko A HM il r a0 catjon and
reporting circuit, (SPEAR) A%Jgﬁlgégag?ﬁsi %%%t emﬂ&@g%&ﬂ?ﬁﬂ%&?&%ﬁﬁ Cgki,le 3B
and Fi gsPO%%A suphly istgrfaceul arly when DC current is coupled to the

communi cati on cablyi 0 f onpr.hses a current se r 402
whi ch receives a It/%%tp ggﬁéﬁféﬁptﬁ% p-c&ye?] S?é@%\l}% (%gmng‘ﬁl)swrf“%ﬂ%geng( g’%@s a
si gnal wpwdi sugpipr GgofHig.ohd) atd pover sepply a8 ([Fas S4B piovRicebitp@U gbwerAto

vol t age i i T [ r he r supply 32 (Fig. A, 82 Fig." |

55, 132 Tert 220 e SAT R PP " B0 WP B EER ot et 5k g respetiivein ci

is typidatd ypainchamngdectofs ome sOVRiagE dobigdhted W& B-poldifife O dRMTor Qhd Ghdid.eat
tiplicity of conparators 404 which al so

sensor 402 is Cflﬂ\gpl i ed tg. g% . L4
receive ye(s:Bg% 109 @ther PEMBIGR s Jsignalge &s winegative sAndusigsaad iindicasedbly EonTiits! e
r ef er enceitdgdst ﬂg?li&@%cﬁﬁ: F3Bectiv¥ PhdsttlveY ad dTPHBTRNY @dndildidil Par%oags?%r}an 4S -

Pr ogranmabl e, erence voltage sources 406 recelve control i nput rom
nmanageneRPeRVEF RS ofin and oint Theapferexcritherelgmyeeniy @eigriated BBfin. 326 (Fig. 4A)
and 376 (Fig. 4B)rpfalfLablbwvi us; 4Q7. . .Al t.er nat i ,wvaltage sources
406 need not be roger artlrrrragl%. T g@&gtgﬁt g o"}’h@%ﬁ%aar ﬁmon\r@eﬁog}ogl? e‘ﬁ%ﬁfﬁl i ed
to a curlléstiation g aeymaghdowen alohatitl #@iBrepbiting cirnii (SPEAR)pLI0 vedftlagettvi n vi a

the cur rﬁ%hdiﬁ%ﬁé%h’%gz?:&% ;B,rd(?{égdﬁf\, i particularly when DC current is coupled to the

communication cabling.

SPEAR 400 preferably comprises a current sensor 402 which receives a
voltage input +Vin from a power supply and generates a signal which is proportional to the
current passing therethrough. A voltage input -Vin received from the power supply 32 (Fig.
3A), 82 (Fig. 3B), 132 (Fig. 4A) or 182 (Fig. 4B) provides a voltage output -Vout which is
typically unchanged from voltage input -Vin.

The output of current sensor 402 is supplied to a multiplicity of comparators
404 which also receive respective reference voltages Vref from respective programmable
reference voltage sources 406, typically implemented in A/D converters. Programmable
reference voltage sources 406 receive control inputs from management & control circuits 226
(Fig. 3A), 276 (Fig. 3B), 326 (Fig. 4A) and 376 (Fig. 4B) preferably via a bus 407.

Alternatively, voltage sources 406 need not be programmable.

The outputs of comparators 404 are supplied to a current limiter and switch
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current-limted vol tage output Vout CQutput voltages +Vout and -Vout are
applied as inputs to an Al D converter 409 which outputs a digital

i ndi cation of Vout, which is the difference between +Vout and -Vout, to

t he managenent & control circuits 226 (Fig. 3A), 276 (Fig. 3B), 326 (Fig.
4A) and 376 (Fig. 4B) preferably via bus 407. The outputs of conparators
404 are 4%p’d11¢fedet@vmnmgtarmhage&\éontnraoltheclcnﬁemt §en?c2'64()fl ghd PAvidR76 (Fig.

3B 326 376 4B ref er bus 4Q7 to.serve as
rm)nl tori %%Fkﬁ%ﬂ@ B%gg §iRg’ %LF‘QQL&B%t)V(?ﬁagﬁseaﬁ g tOHreaI?)EP (5P PEHPUPI W ng

t hr ough 2h&/TSREAR:tFH®9 wﬁ@ubapmfs aSOigRal olhdlegzmadsfammwﬁ@ﬂ idltRe SHRRdced
dlrectlybé curr ent imte and switch 408, while the outputs of others of

conpar atorse304 it 8" upph t%ﬁ‘et"?’f‘é‘?%‘ﬂf“{/ cogtrok qiigaits 229dFigndAh 276 e ip 412.

The corrpﬂﬁa(Frgr 2 AMIAG 87O HUIES pa&feraBl ynpi b&dzzdilﬂ lTﬁ@ButxutE Qf Sc%lseﬁétbrs 404% er and
switch 408 provide imediate current limt ggiswé relative

t hr eshol PPUEA; 1P dnanagem e dneqniebFigcuiin 336 (Bigt Eigs#BpI3i Iﬂkédl}‘f igo 4&&1 apent
i miter AAAFRMAED horéf@ébw Ha tbhﬁ&b'/ 4019erv§%€' chdeki BAE%%Hé%P&H%' ﬂ?orﬁ%&}’ ed

action current cut-off at a relativel owt res
responsﬂ%r‘ilﬁg@@t]%@ﬁwemﬂﬁmngtwquihtheﬁaﬁ% remote control. of the operation

of the current Ii o rrana nt & control. circuits
226 (Fig. 3A), %E ?@F&Qgg%}qq @8@ a%¥ ét&fa‘%ﬁ‘ﬂ’f’ rgefiy to &Lgfe“%llﬁmﬁhs 407.
It is appd ewitelt 468, White thh@umhove abse ol ke clp HRIARIGI ré WuppliedniByreR 6i@ de
operat e ve lLead. 1 n such case a short-]ead woul d be

connect ggl%‘gﬁé\;\%épn gWZﬁQ‘? H2 edCWWﬁtWE}'QF? O‘ftE“tf arersHRRlied SHeeh iRt@Fehat t he
conponetitnitendndt sveitcBREAR 0wy uahmamunemgaﬁmg al Drefifival WAk Ndd Seglisence.
Referen which is a sinplified schématic illustration

e IS NOW nma ,
of a pﬁl«sf CPPEF TR q@?ﬁ‘ei’f&%&t? 81 YPPliedeo supei livpiter 2pd switgh 488 viatimendlR as
i dent i caid ftig f&@enqq;mm&ragh@a@{oﬁ cﬁﬁmt%ﬁ@ﬁh{h ;fé%belﬂ&lﬂméh@ d 6 the
se

schematic illustration of believed to expl anatory and
therefore, for theiHrR4s Isdéﬁﬁ’@P%%@s%’cternd inpius whishahalilexerak codesicfi pt | on

t her eof r

1 f e PR OEthe bk Ty SO SHCE 408 PO ARUEh G & Ponefdlicttlls R 7 °
usef ul {Fig Bhe B ﬁﬁhﬁgﬁ (fig.FiAgsind B7S @figl 4BAvfadms 4@xanpl e as exter naI
separators 142 - reci at ed cwtr of Fi

al Ito ernatively rrayﬂég aB%rl‘ta‘f’?t-%cli atR o £ A OH%G"[&?’Ibﬁé% C”FWF e ekl g’ i ﬁ Fig.
| A Fi gopematedsinonhe negapive hd. do aschial digsd shebeleRW6ul@ be Bor8v@béwRa TS8R,

i ncl udl‘_{a datta transceiver 502, a nains-fed power supply 504 and various
ot her erren S 506 49 depending on the functionality of the node. The

interface circuitif ¥s fdef abpr¥ciftdREd: S8 c@mponents of the SPEAR may also be
organize in an alternative sequence.

Reference is now made Fig. 6, which is a simplified schematic illustration of a
preferred implementation of the embodiment of Fig. 5. Inasmuch as identical reference
numerals are employed in both Figs. 5 and 6, the schematic iilustration of Fig. 6 is believed to
be self-explanatory and therefore, for the sake of conciseness, no additional textual
description thereof is provided herein.

Reference is now made to Fig. 7A, which is a simplified block diagram
illustration of a LAN node interface circuit useful in the embodiments of Figs. 1A and. 2A for
example as external separators 142 - 149. It is appreciated that the circuitry of Fig. 7A
alternatively may be built-in to LAN nodes, as shown, for example in Fig. 1A.

Fig. 7A shows typical constituent elements of a network node 500, inciuding a

data transceiver 502, a mains-fed power supply 504 and various other elements 506
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separator 508 which is operative to receive data and el ectrical power over
communi cation cabling and to provide a data output to the data transceiver
502 and a separate power output to a conmunications cabling-fed power
supply 510, preferably form ng part of network node 500, which preferably
powers the data transceiver 502 and possibly any other suitable circuitry
Ref er enc@epead M@WOATRIE fitroridilalty &BihaMibdeh Tre idredh Pl | 96K Hhghlam
illustration of _a LAN node i n_}:t erface ci roui t eusef_ ulfc %tﬁ)d?)l%ec e%o@??gngnt s of
Figs. | B RAGIB Y Divhics s mpratiss (e raceiva satactindectional pa9e ovel 9ommppicityn

appr eci at#Wnk Al td RevEE L eRatduYp®lo Bk Gata (Bascal ' Wiin to
LAN nodes, a% showﬁ},%vfoﬁ efa#ppleoi n F?S. I ﬁo@%@%xg%\%@ (il\%?ggﬂ)huo

const i t udSPMEIUEHEHER ofbliagirat pord wwople BB0 prefandiiy dirmingapardaf aettvodnsaiei ver
552, a meignsgiied howe 4. and vari ous.pther el.ements 556 .dependi ng
on the functi olnglé}t y E))PSP E%L%otgg.d%gra?% ert g%é; a@?rp&sﬁl q?’ya“?y%t?%raﬂltf&%
conpri segragitriconnect or 558 which is operative to receive data and

el ectrical power comyuni cati on bl jng and to provid at.a out put

to the data tr ansgfé%rgpc%g‘zn%‘ﬁdmﬁ&sécbﬁ%tJéé]p‘ﬁ&ég Bidt gﬁ‘f’}%‘?jf bgmg ‘Lagram

conmmuni Gétisteimisn @ARINANY nbedinfofes cisdsRsyfubflhe BhBb@MaR, ¥ FiE NiEghdas forof

networ k node, -550, which preferabl %?powers the data transceiver 552 and
rry

possi bl PXaRPleothertear| caBeatore i ailbPylt iRapreainied tha the gicuign of Bg 7Bhi ch
are si NMlifedna@de1b 2K e HdQ AT [ ' . odi nents of a
coupl er useful © ?rrllpd%hg gnbod?]ne{lrﬁgé%e%fagéisgg‘?n’gé\r eg\é%%ﬁgﬁgﬁgﬁ\/ari ous

enbodi ments have the Foshews tynieah sewstivfent deptritngf D@ tworkerode 650, Hecluding a

conmuni [ j i t i he: bal ance t her.eal on kke
produci ;dg{aa?ﬂrann%i%%* r%ﬁ’a\rllglg}erﬁ?%-ff LjIﬁgj% I%‘lye%egagﬁkpg%aﬁ% vfﬂ%‘?se8¥heénegﬂr%%%§%i ng
sat ur at idependingoon rtbeitfurattiohdlitg df rthen sbde. MEteSineafipd ellcuithe tdi@lly Riognpri®d a '

describ Q er,.600, such as coupler 22 Fig.. 3A) or coupler 320
(Fig. 4Rt EERAT ‘%S%GFW‘*&eﬂfoaféieA‘ﬁ e &E\fg slrgﬁagaé FOWPE RV JoFETR PHen
enbodi meatlingfanidhe prqvidesadita buiy@ns tieiafithnWRiveNs s Nkl Wdesarde Paiver Gtftput to
additional transforners. 610 for each channel. Transforners 6 10 are

typi cal RyreRmynications cablingried RRVEHSUpPl &40 maeterably Zeaning pam of retveyk ingds ude a
center &8) &hichNfres® dérs Hi Whth GRhnkdag PG sy il Qirfbi T €s
of a tw sted ?oai gr.e Tﬁ?gq?t rtrJSct ure malntai rels thgingglﬁ%ﬁté% %‘gptoﬁfe&r IQi nite]J and
prevent SYEBE saturation. This structure al so has the advantage that due
to the fact that h'af‘eréﬁg?s Mgé.tsﬁgﬁsé% 18 Lo S iBied BRLR o REPufl rifdfis by sted
pai r simultaneously, the ocTurrenc€ of a SROM &1 reur t ERer ea ong wll not
cause aviyeweembedmpantsicf amouplddisefit rathe athbaditrens of Figs i /5 ast 4 AlCThervaribss t hat

it w"l . urnout of a LAN node ich is pnot specially apt ed

é‘mgc%lm%ﬁ{éshgve e %9 ogﬁqtﬂpﬂn%gelﬂo&er @ggﬁg%gpﬁggnog RO er

for recelve power over CPﬁlénotn\ﬂu
620, suevithas omepingrthd M3lahtd gher@f9ngwitloUb@Icing2® minimal change in the line

impedance thereof and preventing saturation or burnout of line transformers coupled thereto.

Fig. 8A describes a coupler 600, such as coupler 220 (Fig. 3A) or coupler 320
(Fig. 4A) suitable for use with a LAN in accordance with a preferred embodiment of the
present invention and which includes a pair of additional transformers 610 for each channel.
Transformers 610 are typically 1:1 transformers which are characterized in that they include a
center tap at the secondary via which the DC voltage is fed to both wires of a twisted pair.

This structure maintains the balance of the line and prevents core saturation.
This structure also has the advantage that due to the fact that the same voltage is carried on
both wires of the twisted pair simultaneously, the occurrence of a short circuit therealong will
not cause a power overload. An additional advantage of this structure is that it will not cause

burnout of a LAN node which is not specially adapted for receive power over the twisted pair.
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(Fig. 4A) suitable for use with a LAN in accordance with a preferred
enbodi nent of the present invention and which includes a pair of
additional transformers 630 for each channel. Transforners 630 are
typically 1. 1 transfornmers which are characterized in that they include a
secondary 632 which is split into two separate w ndings 634 and 636. A
capacitor 640 is KendBceedbiret smekr Whdingss GBdleanth 636.3ATve couperciZor

ef fectivel g Serl for. hi

ot gnal 5. Cabchonanahe wbst M ML DORbROR LR aneeasd SrbORIE Y s ngs
for DC. preséﬁhﬁryesmmwtdwmche nahidesa phie of atditibrad ter@%rhﬂrsC@lOrfyr egbpdetnel e

p05|t|ve ve val VI the s st ed advant age of
this struc u rem rgg-%%%{te WHICZ’;\%% ’Isté SEOrmgE WiEh 3e%rﬁﬁ?q‘§ﬁf” R;‘iatathf"r'lglcﬁ\%n &t ed
pai r andset:hmtﬁr)eEBmaihES doheintRonesbgardié elisdibftadzanidl sho. ot Benvtsesdnane

exi sted had t ‘ﬁ tw sted Bal r carried_DC current in_the sane directions.
Fig. 8C TRVSETThEE™EeR oUBAIES 686, 21dy, 880 a&he Sapscker oestively gcongats dhe d¥lpl er

320 (Fi gwirdifNes 1r§5é'ri§:§‘§ir%1§h0ﬂi’eqﬂ§zﬁ:yvﬁénlaisasdeﬁus B2 Afph S, %’E‘@@ec\f\ﬂv&@ igbeefher red
enbodi rent of the present invention and which includes a pair of

capaci t 0™ w6dinghfos PCef f ecti vel y bl ock DC from reaching the LAN sw tch

Thi s structurels Y, I u

t ransf or ner. ? Irhg g&%ééﬁeb%ngblgp égﬁhgﬁgr\g@gggps uc‘{1 }ecﬁ ug{be?’ggg%é ?EI g. 3A)
or couplnggatBeovolth sgua ﬂnA)saiscj iwistoll @air.oin adwntaige lof thid Adlciure mahﬂrxdwp@es »ith a

preferr he sent nt.i on an V\:hl C pairs
of capa%%% orsqg%(r)&% @E)h V\W&?'lfg?lfélcé \}lél‘{l/lml%“gc ggnf?clgggzﬁl‘ﬁ%“ he LAN
Swi t ch. o'ﬂlmrmssfna‘tmetxwt@i hadl thd istédepait taviedYDS ichipée uamé sgifegdirdtfibns. r equi re an

addi ti onal nsf rrrer This_structure alsg has the advantage that due to
The fact B SPREOShmsouF Sie Suotoet qrpliacr Bt itotRA 08P e eher B od

pair si whimw&deywuh heLAsC W heRERNSS wathSH Prdferedd GMbédlméﬂeéﬁﬁleoﬂ@séM| | not
cause a_ power overload, An additional advantage of this structure is that

it wil inyegHon 3nd vhigly isiden Rein ARICHGEEOTOPOR vhigh ﬁ@“@ctéfpl@cblack Padwst ed for
receive ré&ﬂﬁ VAN sWGh. tmlsssttr%gtupéi's rrelatﬁ}egr suﬁgle(yﬁé Qb4HRFre Fi‘é@%ﬁggcﬁﬂtﬂr&p such

as coupl er 0O (Fig. 3A) or coupler . sulta use with a
LAN in a'@@%fpﬂfaﬂﬁce with a preferred errbodl rrent of the present invention and

which is a self bglaggi 50 39@ dﬂg
conpri ses two pai e §1§ &%:r {Tgi?h n%%t‘%?\/sg] gFer rﬁbjptl% ’Bt}fggﬁl 04,
whi ch afBg. @bmtableefwmsemghmbﬂbbm mcbhian%webtal pwefes:em&m’mgdmmlt (wnher ol
circui t% £06 |9ﬁ%%t17n8d ?ﬂcbsnci articul ar featture Eg(L * n‘E 8 gec Fi g.
SE t hat PIRETdaRET P whichindufSkvairetSe tratER o e Do RER TR anc
704, whbbbk &kfropetahingahd DABIGR)itdACTHIORrdiris also relatively simple and does not
require an additional transformer.
This structure also has the advantage that due to the fact that the same voltage
is carried on both wires of the twisted pair simultaneously, the occurrence of a short circuit
therealong will not cause a power overload. An additional advantage of this structure is that it
will not cause burnout of a LAN node which is not specially adapted for receive power over
the twisted pair.
Fig. 8E describes a coupler 700, such as coupler 220 (Fig. 3A) or coupler 320
(Fig. 4A) suitable for use with a LAN in accordance with a preferred embodiment of the
present invention and which is a self-balancing common mode coupling circuit. Combiner
700 comprises two pairs of adjustable active balancing circuits 702 and 704, which are
operative in conjunction with respective sensing and control circuits 706 and 708.

It is a particular feature of the embodiment of Fig. 8E that the two pairs of
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respective sensing and control circuits 706 and 708 are operative to

mai ntain precisely identical voltages on each of the two wires conpri sing
a twisted pair coupled thereto. Normally the output of a LAN switch is
coupl ed to comunication cabling via an isolation transfornmer 710, which
is not part of the coupler 700. When precisely identical voltages, as

af or esai #djugitde appld bdatcogeacthitof702 hed 308, whichre opgtiied hgcddienctivh Stigd

pair, th 1,5 .no.DC vol t acr os he ,secondary w ndi ngs. of the,

"ol ati o recavs roling =8 o0 UET 7ot B B Penrerat ity BPBHPESERY Thi s
obvi at esidetgahesitigbodn ECh oS the @b RGeS ety Srvaddh s upicaRROMES t he

bal anci ng and i npedance nmat chi n% behavi or of the conmbiner, It is_ )
appreciated that g tl?‘3_r10”z£p”ct EBF&N %‘ﬁth_y‘S PORplAd 18 FRMEWNIREIECARBTE Hi2not  be
any needard @blaf6h kR DHANTH NBhidkH iso® YhdF thdlcduBr 050 O BE PlecRity Ri@nic8E 1N
reality due to wvariations in the DC resistance along the entife

comuni c¥iegs eapieresgdsie eprtied i eathef tholtayise wmpsisel thé twised paio, thérees of
the tw stad JabRYLS 00k sBEHAG L&Ak d G

bal anci ng, thus é%%gat{%rslg asg%n\k}%?t%{g&eig r%%h%%(ﬁ%ggéﬁﬁ%&%ﬁ%rﬁgra l;/d’g\ps Ho

t r ansf orlfercurent flaps Dhrethoengh. Thisbvieies e needtfor BOI isvlating bapanions and thus

t ransf or,; ference. i s now e Fig. .8F,.which.is a sinplified
schenat ilgﬁhvlz%g}erdgﬁf‘%ﬁgggﬁmé) cFEF g}g?cg‘&fl% '1?%?‘8%‘?#%% ?Ogﬂmbqf' t he enbodi nent of
Fig. 8E | ngs nuch Iﬁis ap;ﬁﬁmtb@ eHat tvlﬁtfrez{sﬁﬂ QQhedﬂMi&?l!ﬁid%al%&ﬁeﬂﬁﬁéxﬁ)ﬁ?@ld r[bé Bet hb
Figs. 8E_an E, the schematic il|lustration of Fig. SF is  beljeved to be
sel f - ex p’ﬁ‘%ﬁ‘ﬁ?‘gf?f aefige %iﬂﬁfé?fég &t Bfovid8$ 17 ﬁ?? empadiment of fog sthdadealip dHadv ti onal
text ual vagaiins fhi @8 I E8Rinde SalfOMe A8 Eird RbRInicRN L EAIRE LRteROWHEBSE Fi 0.
8G, which is a sinplified schematic illustration of a prefeerred

inpl emeP438e8 Q1SR plehe o MirRR Al the FwiFted paig Bouldmos e ddentisal iid thet dbserice of

r ef er enggve IR ' ok Fi ic
illustrat ivgn of CF%%%%%?R& g?‘?e‘)\?ga t%lja%ealclggﬁ %h-%g)%%{hgn %ﬁ@rﬁ%ﬁ%ﬁ;{%ﬁmf ore,
for the vaégheconid eapsodithenstsationer dunibet wiahsfomex 7@l descri ption thereof is

provi ded herein. .S, .NOW-. t.0 .Fi gs. -9 ich ar

sinplified bl ock 5?%5%“3%%%%“%%“1% '%’ Fhich ‘agtsf"éfgﬁ?ﬂs“g?“\’ﬂ@&r’pﬁ?ﬁ"“ of

enbodi merprefewéd anglepantatiar ofige fentbotimenhef Eib@di IMRBkech 8 idengcal réfrendd & 7A
preferably in conbinati,an with. the_respectjve comhiners of Figs. 8A. 8G In
addi ti o§u¥%ra{%h¥e ce&%?ﬁgrﬂ’s%%% Pﬁidg@ 50 i:lcdge S@%&“’L"Bc 9@,’“@1@% @f%sé%a§%t‘%r s may
al so i nbetistled apieoRIfi éhRnitohyl BEES tHeRf@¥OFSH 1hBLBKPBE lcoRRIEbnk Y GloPRditional
crosstal k, The various enbodi nents have the conmon purpose of decoupling DC

pover IoBA HERSIHHPL PoMidedbFiAg wi t hout upsetting the bal ance
ther eal ong, - whi | exaEAUGh A2 191 BETBlidHNARYhgiiReh Nendhil® ihRSHARGE

t hereof and preventing saturation or burno
a preferred implementation of the embodiment of Fig. 8E. Inasmuch as identical reference

numerals are employed in both Figs. 8E and 8G, the schematic illustration of Fig. 8G is
believed to be self-explanatory and therefore, for the sake of conciseness, no additional
textual description thereof is provided herein.

Reference is now made to Figs. 9A - 9G which are simplified block diagram
and schematic illustrations of various embodiments of a separator usefiil in the embodiments
of Figs. 1A, 2A & 7A preferably in combination with the respective combiners of Figs. 8A -
8G.

In addition to the components included in Figs. 9A to 9G, these separators may
also include appropriate filters to avoid interpair and interport crosstalk.

The various embodiments have the common purpose of decoupling DC power

from the communication cabling without upsetting the balance therealong, while producing a
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transforners coupled thereto. Fig. 9A describes a separator 1600, such as
separator 142 (Fig. 2A), suitable for use with a.LAN in accordance with a
preferred enbodi nent of the present invention and which includes a pair of
additional transforners 1610 for each channel. Transformers 1610 are
typically 1:1 transfornmers which are characterized in that they include a

cent er 1t 4finfital hehocPhl AR, YhBeMbLRBLaRIC 0L AT G 3 BX b BGhEG it ot

wires of a twsted pair isTstructure mintains® ance the |ine
and prevenngonorecamiagrihtition.  This structure al so has the advantage that

d“? tot he. f ac_t t h?gnetl.ede%&fgeetsvoée S86; ﬁ@OOCgl.IA’ChI aes%eé)aﬁatorb%”h ,_'?35 ﬁjtagl

tw sted pair siml ous ccurrence of er eal ong
wi | | notorgmeisethaa hanein awcedérmadwthﬁmpraféded bmb@dmmﬁk\/ca‘nhagesem‘ mtvbntsmsamd ucture
i s that

adapt o0 OIS BTG RBhaT UM AT R o lh e ceoh omieh TSy Rse 0

separ at oare@EOallySUC hra@§foﬁﬁ¢ﬂ§-ﬁx&nﬁ@nraré-€f%rz(canged BAhatsitiést iabluge § Ogntertg@ atidhth a
LAN in accordance with a preferred enmbadi nent of the present invention and

whi ch i nBIiEe, s"*%lwﬁléil’“rth%PCé’dH%q 18 Fifacted 4oat Rothnwires Q@Stﬁ’l%tﬁirpag ach channel .

Transforners 1630 Tgg %trhc\f@:'ecrﬁ&xhﬁém% tHe Eaﬁﬁx'&éfoprtﬁéeﬁﬁe a\ME!' &Qveﬁ{secoi?é‘%@ﬁﬁ&{ i zed
in that they include a primary 1632 whi is split into two separate

wi ndi ngsThis3queing aiwsts tie adysatige it 4640 th%faebthﬁ’e‘&m éame beltage shcanipdiPhgs
1634
andy Lf %ﬁreﬁgrﬁeqm ﬂ'rmﬁ{llFa%,%ds tL}hV; 8@1%58& Sed &Srsmt)ut e?l{ﬂﬂ% vJ:ll

series for hig requenc Si gha tively
i sol at esncrt lveusevacpowsir matenigs. Ap mdﬁ@onaﬁﬂ\amsge oftthisrstruetnaebk dwt it hvall tmabcasisedi ngs

to carry,! osi ti.ve. an ol tages via t t wi sted
pai o AR A LR RO Ui A s PR R A Rl B Tl
current via the tvmgtmid@anwesamdpdrhuslseb|sntm@stﬁ§artadaez4mmgetzmsdltasblecrof hat
woul d other\glb eidg‘gve exi ted h d th eglsted rgair cg%rled DC currenci‘

t he same™qiYEti ml’—ﬁcﬁf’ gred phpdimeny of 1ae gresg, dRVeRUoOL abdr at or
142 (Fi gwhidfnchedes bafiof idarndfa&letrms{fohn@;s 140 ki ek @ﬁa@ﬂ&c?m\%fbhﬂ@s F!Gﬂf erred
enbodi nent of the Fresent invention and which includes a pair

capaci t s YPsBHY vl érenefpresss WWHBIC%RC@GCQ’ i 4t degyhinplgde hé’f%&é 1632
Ci rcui t SypidfsS sk ikt H\'?desépﬁra&eluﬁﬁéf r?glm $i;ipl183and (ngémp%w ROHnEctéd

addi ti onal transfor mer cri es a separ at 1670, such as
separ at detwees wiRdiggs 1634 asiulﬁa@I Ehe damcﬁds effaskively consats the Awe oviddinge i t h a

o1 “capacttoy SRS dedeagofsRircRRh b SHEERs ONA R SRRICER ME PRCS

node ci rgodings fofBIG structure is also rel ati ver sinmpl e and does not
require an additi nal tran 3 This structure also ha

f t he
advant age that due t% Strjure Z%lgglpﬁ;fﬂe ?\H% vgg & A% respective posmve Cand

negative voitages via the same twisted pair. An advantage of this structure is that it applies a
net zero DC current via the twisted pair and thus eliminates the magnetic field that would
otherwise have existed had the twisted pair carried DC current in the same directions.

Fig. 9C describes a separator 1650, such as separator 142 (Fig. 2A), suitable
for use with a LAN in accordance with a preferred embodiment of the present invention and
which includes a pair of capacitors 1660 which effectively block DC from reaching the node
circuits. This structure is refatively simple and does not require an additional transformer.

Fig. 9D describes a separator 1670, such as separator 142 (Fig. 2A), suitable
for use with a LAN in accordance with a preferred embodiment of the present invention and
which includes two pairs of capacitors 1680 and 1690 which effectively block DC from
reaching the node circuits. This structure is also relatively simple and does not require an

additional transformer.
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is carried on both wires of the twi sted pair sinmultaneously, the occurrence
of a short circuit therealong will not cause a power overload. An

addi ti onal advantage of this structure is that it wll not cause burnout
of a LAN node which is not specially adapted for receive power over the

tw sted pair. Fig- .descri bes separator 1700, such_as_ separator 142
(Fig. 2A), suitabl egf%fsos‘r%m%éj & %Is% ﬁaség{%haf“ﬁg%%‘%gﬁatﬁége W‘ttﬂatég°bFaé’?eeY91@§e
enmbodi mentts efriethen potseitts ofmentvised m@irdimubinebuslys the s&kufrefaloBNGHRE GRmFON
node coupl,j iyeuit. Separator 1700, co ises two pairs . of adjustable
active balt}éér%gallglr& "giﬁlllr 015icf“ésgf?@?e‘é\?\‘(’fdf%f,‘“%i‘“Eﬂ‘?alaardﬁar&fﬁ‘éer%ftﬂi“%tmcﬂﬂ e &Tifidnkt i on

Wi th respglitioveasensindg M SNMHEO Wwhidhri€ bt $edid D6 2@tk lid08ceild pdwerdover
parti cul arhfeat%&?.of t he enbodi nent of Fig. 9E that the two pairs of
adj ust abl SHEETEPHal anci ng circuits 1702 and 1704, which are operative in

conjunction with T eEpeeldesibsensifioantopoBidiols EhLaNE 1% IFD6 ANY,LINE are
operative _to naintai gmp.rem sely identical voltageS on eac f t’he two

Wi res conp?i %P g baNsinageqsdince edilip ridferé cmbodiniior ofatht preséne inveptitn afd a
LAN node isimqupkagd ¢ ' [ ' A n, i ation transf.ormer
1700 o SRR GRS SERLON GBI D Sheer BRD BniRen bR PR

vol t ages, chedjustableardive palamaingwaicniral W8cind N 7@QthicH art bperbivd ik éiGSncEiOARVILSI NG

the tw st i there i Q a ross the primary w ndi ngs of
the i sol afeg%ér%ﬁﬁ %eﬁglfl%raprg?or%f’?ﬁmgf‘cfﬁ\{%é@%elﬁﬁgm current flows therethrough.
This obviates the nieédafpanichier faalratr fg GARRGhEATST BRI BB thel AR SRS he
bal anci ng c1ans? irrgedaqjcggmatchi ng hehavior of the separator, It is ]

appr eci at &d" 3pAt achive halzgcing cucy! edPeene drP4 wiiehpresspstativg imeaniuingien svithot be -

any need fegfecaed kaRinRal@NGinh8l &fcullt Qbsladd i1Pod hee l%g%g&’& rrt%%ai?{airng i)t%cisg@’ in

reality due to- variations in the DC resistance a the ‘ent |
communi ca@f¥irabepiepespnsspst afthe triewde copyirismgeadwistedsparhcoopled therstavo Wi r es of

the twisted pair wawl g0 j WG od ence of .active .
bal anci ng, thus cr eatr?lfalg? g‘eg@’%ﬁ?%ge dprdggs %Aéiéegggtcﬂ%mﬁpfcﬁwahlfng via an
t r ansf or n&dlationiGansigningth ! BOulichb aus® meittdiehe satmataatli7ofn Wheprecisdly identical

transf or ngy ef-erence.i s now nade Fig. 9F, which.is a sipnpljfied
schemat i qu)lr %%S’s %s?%fj[ofégzﬁ&o%m "baénrt?m%‘forée?f?‘e(ffgla‘?gﬁo ApHF SHERTHLS tm@%@n
enrbo(cjii nmertherefs rlaf BC vWEagd aeedssl diier;gine:hewﬁﬂllirrgs bgﬂ% iscf)litibﬁxﬂéﬁ@fohh@fl@@@ aﬂé@ﬁﬁchﬂ
as identig reference nunerals_are. e oyed in hoth Figs. 9E and 9F, the
schemat | cnoia[#)? GErFa ey s eqﬁ'f’{jgh- ghis;cbviies T nead for e iolating e3pgrisaTased huand

t her ef or émprdves the helagelk@a@f infRALIE ARRARG ARSIl hORBAralse Xt ual description
thereof is provided herein. Reference is now nade Fig. 9G which is a

sinplified schemat f'ds pRATERddPhRbWheeas ipatheopticallipidesioysien tienpivewdrmoabe on of

o ontedegaoi o S 3l et | SR A s SR el
variations in the DC resistance along the entire commgicagi/on cabling system, gthe; DC
voltages on each of the two wires of the twisted pair would not be identical in the absence of
active balancing, thus creating a DC voltage drop across the primary of transformer 1710
which could cause either saturation or burnout of transformer 1710.

Reference is now made Fig. 9F, which is a simplified schematic illustration of

part of a preferred impiementation of the embodiment of Fig. 9E, including elements 1702
and 1706 thereof. Inasmuch as identical reference numerals are employed in both Figs. 9E
and 9F, the schematic illustration of Fig. 9F is believed to be self-explanatory and therefore,
for the sake of conciseness, no additional textual description thereof is provided herein.

Reference is now made Fig. 9G, which is a simplified schematic illustration of

part of a preferred implementation of the embodiment of Fig. 9E, including elements 1704
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and 9G the schematic illustration of Fig. 9Gis believed to be

sel f-expl anatory and therefore, for the sake of conciseness, no additional
textual description thereof is provided herein. The circuits of Figs. 9F
and 9Gis provided to ensure that the voltage is identical on both |eads
of the twisted pair to which they are coupled in order to prevent current

flow thrg ?'?%éFE}%FE%?qg%%L %%Qenﬁjgé 1%efedbke nhifefuld ?r ﬁ-%ﬂﬂ@k'ﬁ *E%ﬁu Bys tope

circuits o angl ng t e current f t hr ou he active
filtersalyog, tadciEntdc uihdt;anqnhef Fig gift rmellofedem@mdfsxmmlawa 1@0@1“6

respect ey BEEerence | s naanee.d o, L0, d0An €0 5 isicppl 111 ed

bl ock di'agram a conmuni cat f ons I'ncluding power
supply and nanagemtnr@merof Eigsmemiaeatd®dns pealdedng eeumst thetc thedvaagk is

operative i.n. accor th a preferred . enbodi nent of .t he, present

Pvent i Bfimtises SaBHH Fatoroh el e mak do; Bk QUPHD RUHGLA B AT k
(LAN) ot SloRGhrogh tn 28 2rsMTi 10HFigs 99:9)%1@11 acntdidd moshe piredisrddFy a
structured cabling system to_a pluralit LAN nodes, such as a deskt op

conmput eriOBE DY chajng e@r@ffantz%qmm éhfPa%% ¥Wﬁ 3egiverlters 402 arrh & 70hundant

tel ephoe&tm@bisger{ggmmogsm@q7@3&%}@0394] ne 2018, a conputer 2020 and a server
2022. I n accordance with a preferred enbodl ment of the present invention

there is provi deRefereprswisrnosuppdy te ufisy $@4nwhEB0is hbistplifisd dieakadipgrant o
d i . f id
Dl o o+ 1Ak 8 o RESGR Mo mERGHIP pBMCob. My IriRakenpfiTBe! S8

connectcmgnumeatimub ¢ada1mgr¢amatsudi¢&\l andde@perative tine acdordaste awveld enpwdimednt of
Fig, 10A ‘i‘é gz. 2030t ds }ocat ed within the hub 2010 and incl udes a
power s'ffB}fﬁ{gm SRR SR SUSBPPEs operating power and/or backup power to
various LAN nodesAs/dean {lEig CTOATRE:E &f provided bllddaDared haweNIIAN Cainpoisingcabl i ng

connects LAN switch 2 34 VI 0 2036 to the various LAN nodes.

The co abn%ormd’btli?}} ’é§°‘éﬂ@elbyl 1“gp8%gfrlﬁ¥6ﬁ¥rt‘ﬂ’éreg8§%‘|r‘g§¥?ﬁ?ﬁ oFPRALY ong t he
conmuni &@LAN ode2Rhdnng 4 @esﬁfop' @aPphited QUE2 of wkh @arkdlN 2004165 facBhfillersehingnal

data communications from LAN switch 2034 pass thr ough t he conbl ner 20356,

subst antd18] # \-AN telephene; plse kpeveagan [F ﬁ?l%@ﬁ? d8ifce cRmPHeR2PFbate ¢ Egver

embodi ngpay, of the present invention, there is provided in hub 2010 a power
managenment & control unit 2038 whi ch monitors and controls the power
suppl i ed by subsysrermrd@8Owith a preferead i eobodimeqt b deespreseat inventdemibaisii8at i ons

ca0l ! he HOASLe ARSIy AL Bt R T SIS0 Eapypb oot
Manage naprtating bk sdcitip powdro 20é0t s@nopisaat plum,htypusfefoéesabi shetndie019 bed thont r ol
of an % ?hrma&n?crahon cab%gé/ %crm%e(t:tpn% H8 1‘:I‘rbattoI vcz)unlogs LAN nodes.
In the illustrated embodiment of Fig. 10A, subsystem 2030 is located within
the hub 2010 and includes a power supply 2032 which supplies operating power and/or
backup power to various LAN nodes via the communication cabling. The communication
cabling connects a LAN switch 2034 via a combiner 2036 to the various LAN nodes. The
combiner couples electrical power from the power supply 2032 along the communication
cabling to at least some of the LAN nodes. Bidirectional data communications from LAN
switch 2034 pass through the combiner 2036, substantially without interference.
In accordance with a preferred embodiment of the present invention, there is
provided in hub 2010 a power management & control unit 2038 which monitors and controls
the power supplied by subsystem 2030 to the various LAN nodes via the communications

cabling. The power management & control unit 2038 preferably communicates with a

management workstation 2040, preferably via a LAN or a WAN. Management workstation
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power managenent & control unit 2038. It is appreciated that a nmanagenent
wor kst ati on 2040 may govern the operation of nultiple power managenent &
control units 2038. The power nmanagenent & control unit 2038 may al so
conmuni cate with various LAN nodes via LAN switch 2034 by providing

st andard E®¢ 'w!rets;meajie’s pcefftrhtey nodestht weneddyoft o gmarsbn tb keiverncibe pperetiamde of
power usa Fa(}lrage ar mpg gd‘fngnagement & control unit 2038 may send
cont rol r’r%ssages STRTERS STECHATLHES at the LAN nodes and are enpl oyed by
controllers in the kiiscuppréyai@f thitgs. mankdbmét 14Brifsfiof UMD Ohdal N@vednetiker
full or partlal rﬁsfunct| nality is %‘IEOVI ded thereat. In one specific ca&e
when the PR§E ROVET CHRESSIENf £OBIEEN e ASEs The RRPehERAERsWe® t o

power SUp@Jnyroe&azzm RAY 2B ablnalinfatd VitBNiRENh ngwtxﬁptmﬁmwm&ma@y LAN
switch 2034 to cause the various LAN nodes to operate in a backup o

reduced poiREHingiiggard bANIneswars orihg Nadse heERINiMBREE BT SEBT Mpdf PBPﬁ’WYe hub

2010 to t&ﬁo@%t&% EéOfﬁB%EzeﬁlaR&E%emf &Cc?dd@?m}]% H%Bk N2 018 aRdoCRIRELES
2020 carries both Fa and backup power Pe t he communi cation cabling

from t he Wigiph Q’@l@c@@dtﬁﬁéhew cadsraad 26 TemplaybdbaNontrelleepiiche coniey efFigs es
Doth dat & and 9per AL N BONEIC AP, 1 SRTRUD) Cat o0 cablng.Lrom the hub

to the server Carr es A a arrar%gement
constructed and oﬁ&roaé |sy£1ﬁcmaag;aﬂfedahitc@mrtdmnag¢m@tw&ceﬂroemodﬁ)mm@f t he

pr esent Eventl on, i S appre %{) d. t hat h of the | AN nod s 2012 -
2020, whi ﬁ’?aé%?%(%f mp‘ERE@F g‘f Sd‘BHﬁ’(PA ﬁt It gPPYc%B aer’“frP CreEs VA

separ at orLA0EwEeRa0 tNgubd e 0BG IL AR nodBOWeEpefdiO M 4 BRKIRLA redubed ftfver
illustrated enbodi nent of Fig. 10A, the separ ators are typically ‘internal.

to the ré%‘i&’éctlve nodes and are not separately designated, it being

appreciated that algf ﬁ,rs'%éﬁ ek QinSfbfld oﬁeogﬁ‘l'fr%[ IXE:’% B t?%%r% %e&sktbg Is a

particul ar feature of the enbodi nent of Fig t hat oth data and ower
are carricempresr 2AE2, Saesimiloimacikide @6ppend painputet 203G C@Ipp?r bothadasal &T!Chh%CkFPg

I0A illu }kl i35 &Jmﬁﬂi}%oé c:?JI ﬁ%stthg r}rxlub B gqjﬁoiq% g 140057

pl ural es via nlcatlon o connec?lng t he hub to
vari ous LmhnodéQIS éqmthbmtheﬂaﬂaomdmtatmg pawsly sddethe pooniutii caagon ektémgrf‘rcﬁnpower
to plural, LAN nodes vi n onmmuni cati.on | i ng connectin hub
to bari ot kBB cer20f Mgy St SRin Gpcr PAL AR e PPk a8

| ocal ar eperatten@ralscortidifck wath A refeROVERbARIYof ﬂi&q)ré&ﬁkaﬂﬁiﬁﬁah unit oper at' ve
to provide electrical power to |ocal area network nodes over conmunication

cabling. 56 RefereHcé 3PereRgiidithafecach ofithe LADB nodes &M 2i 5 282% Weh Fe€Y Bl ock

di agram power over the communication cabling, includes a separator for separating the electrical
power from the data. In the illustrated embodiment of Fig. 10A, the separators are typically
internal to the respective nodes and are not separately designated, it Being appreciated that
altermatively discrete separators may be employed.

It is a particular feature of the embodiment of Fig. 10A that both data and
power are carmied on the same twisted copper pair.

It is appreciated that Fig. 10A illustrates one embodiment of a system
providing electric power to plural LAN nodes viz a hub and communication cabling
connecting the hub to various LAN nodes. Another embodiment of a system providing
electric power to plural LAN nodes via a hub and communication cabling connecting the hub
to various LAN nodes is illustrated in Fig. 11A. Fig. 11A illustrates a local area network
including a power supply and management unit operative to provide electrical power to local

area network nodes over communication cabling.
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illustration of a conmmuni cati ons network including power supply and
managenent over comruni cations cabling constructed and operative in
accordance with a preferred enbodinent of the present invention. As seen
in Fig. 10B, there is provided a | ocal area network (LAN) corrprisi ng a hub

2060 which is COUp'Iﬁ%ﬁeHé’e %ap(gd, dep e%lgrg%ngmgtruc{ rﬁ%&s@g r&\%és stem

to a plurality nodes, top co Tamer a
2064, a flé}@sti'mﬁotleofnacthnmmcz&@& n@wbﬁdﬂmtﬁkimghpﬂ&;r 5ab1ﬂp dothowmaasman duer

tel eph 2072 d i
or of orr o ERRBHT SR B TheCHRBAERT THyGRETON cherisoi @ oo dod Septhor

supply su&as@mlﬁremtb&)&ﬁmmemhnv@n@peratl ve to provide at |east sone
operating or backup, powet | east so of s id plurality of nodes via
the hub 2060 and t H& 3°€% ﬁl i@ﬂ tt‘fﬁ%*a%?% e é&%ﬁ%&”qrh@%ﬁbc‘?‘éw\ﬁ%ﬁ ous

LAN nodess hdbredshewtiidt iwsbiigit £ 8y ephpgdi F‘i@&?&b@f a th@wréd QBhnosstw@xls Eoem) BRGE, 1S
| ocated withijn the hub 2060 and incl udes a power Su&fﬁﬁ EOS whi ch
52 E9RNIBH

suppl i es BPetATPAS: poRers nfkop CopwE el BOPo et eDt ermesy isdeachynen t he

comuni caipsen, £ h I &ME h
2084 via a O\A/e?‘pdsﬂtf%ghoydgl %fi??ggélg%%%%ﬂ{% ?ﬁg ivdgrglagu %%?}%hﬂ\lﬁ%?pomr

supply i 082face provides electrical power fromthe power supply 2082

B di rect ona dat o™ EORREARL bR o Beloel SRRIERIT ol oA F ARMBRT Birgr s ne

Bidirectional data  comminrcation
power sumpmydqdnaepcfvmesuﬁﬁn%subs)stdasm&m ivetlidly isvopdiatite tonp@wifderz&nle&t dotne

accordance ef erred enbodi nent. of the. present jnventio there is
provi ded PR Wkrllﬁ)or BPHEOET atgg Eﬁ’gﬁeﬁtsa‘gpifﬁﬁft?(i? ?f{r??? f"aélﬁé@’wgﬁ ‘Eﬁ?‘?i tors
and cont kenfunichtorpebEhg séHpRttRdhdhubsyREYSEeMNAGRst 0 t he various LAN nodes
via the conmmuni cat tﬂgns cabling. The power managenent & control unit 2088

preferably comuni {hés‘”‘&ﬁt‘iai;?daemﬁ?ﬂﬁw&ﬁﬁﬁtg WO K Bbaystesh 208509 logatesk withil y vi a
a LAN or e MAN208(R A0 REBsHes WOPKSE-ALbON 2089 90hilss s %E@%béf &L&rﬂa/af under

the control of an operator, to govern the oper at managenent &
control b#ikup 2088 1 f"aﬁ@salpﬁsNeimdQQ ¥id thhgpmaunsaperabhog. vﬁwkfsinanmmmtmgo nay

govern t Bﬁ:lmg Qgﬁﬁécfsozp Mlch'%@h? Vi, y@%\g&&%ﬁ%ﬂyﬁ ;{'FQ&aé‘ZaQ@Eo ARb vgrn&}s AQ88.

The power nmanagenent contr uni't communi cat e vari ous
LAN nodeBoddsaTheRowes $1mh!y2ﬂfbdfabq/ prayidey iettcimigal speewd efragin Itfiél\pdvessmgpig 2062t he

nodes gkl CoUELILNS T L1STLTIE BF ROV RSB bRl sl e
decoded etmtnheicitAdNs rfose LA cvarck 208p| mye chrbyehC that fodr &ipply NnfelfRcec ROBA)i LTy
of Figs. substantially without interference.

In accordance with a preferred embodiment of the present invention, there is
provided in hub 2060 a power management & control unit 2088 which monitors and controls
the power supplied by subsysiem 2080 to the various LAN nodes via the communications
cabling. The power management & control unit 2088 preferably communicates with a
management workstation 2090, preferably via a LAN or a WAN. Management workstation
2090 1s operative, preferably under the control of an operator, to govern the operation of
power management & control unit 2088.

It is appreciated that a management workstation 2090 may govemn the
operation of multiple power management & control units 2088. The power management &
control unit 2088 may also communicate with various LAN nodes via LAN switch 2084 by

providing standard L. AN messages to the nodes thereby to govern their current mode of power

usage. For example, power management & control unit 2088 may send control messages
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14A & 14B for controlling whether full or partial functionality is provided
thereat. In one specific case, when the power managenent & control unit

2088 senses ‘that nmins power to power supply 2082 is not available, it may
send a control nessage via LAN switch 2084 to cause the various LAN nodes

t o oper atwhich age dracdedut @e I £AUGAE ROWRS ecmpIBAR byl doni Nnd Bk i
conmuni Caf%é;%h% aPI ing fromthe hub 20660mt 0 t_hg cégsrii%eggﬁl c%)rrp%ufﬁé);r]@fz%%sz
facsinile i Freton e ol wenpitel orzore! dnciomdinhispreviedaeassd backup

power, while the comauBiscAiAOmsEa ek MGk fd,0 0 iNSofaul, gamer a
2064 and LAN tel ephoneS 068 cgr’ri ées bo%h dgﬁg%ﬁyﬁége?%€%ﬁ%&1€6%@érs And the

comuni cdf$'dRBRBPVEIGOfRCHEr stprdy ROAS & aot herilsbleyie m:R02Rd eanirdsmanige at a,

in a typircalilsy: LA, t nst (yct ed and erafiye in accaordance
with a preferr élci en%{)ﬁfﬁgﬁgg%gfvaﬁ llessjbélgsné}ﬁ “ionc{PSW%D‘cS‘ng E?“Y“”? gr Egb?egdioﬁ“teéd
t hat eachnafe. t he LAN nodes 2062 _ 2070, which receives power over the
conmmuni cati on cabl 'h es connector_for_separat elzéqdprovi di ng

. 1 nal )
el ectrical power an(rjl‘g(:fﬁ‘ltﬂ?[;]lﬁ“i%J et??gnni“inllﬁi‘gf’? 4ERMERYB dhsrbrl B ge ded®P t he

connect orsman@er 20§pifedihye MatEROAL6d and BEMFRSPEE ¥EH0G8S daﬁda.rﬁrlﬁcﬂg)t
, 1t . being appreciated that alternatively discrete

separ atelg desi.gnat ed ) k i
connect oP Héy “ﬁ‘ge g\’fﬁf)m{i‘c@‘?“ Fligs fam the irt0o0da the iwbohmenaOsfisutiLABNt  of
Fig. | ORidphohe dodsacarngs RANI:aSNE op@r?{iﬁg B unIGRAL: &%ﬁg@%@f%b&% @‘Sﬁ] parrs

of each conmmuni cation cabling Iine. 1S appreciate

i |1 ust r athedubrie termsoar RETR casfiesonty dataim a tymicallgilvgN etrecgement pmatctédand! ur al
LAN node ! i i lin connecting the hub to

vari ous E%%h%gggg%%g%g?%%ﬁ%%ﬁfé&eﬁ{&g _eéﬁg@tgfgfﬁs S8y el ectric power
to plural LAN nodels iviappracilnal) thatckacionfiuiei AN addes alok ng2@onnaghi feeitdie hub
to variog&vgrAFL,é?o%gs is il.lustra ﬁdﬁin g‘i .1 IB. Fi g 1B illustrates a

| ocal area networ ?%T%f%@nac% fer 17§ 6%] ¥ ShTdesian dgfe senirateini Rrovgieeat i ve
to providectsta giovies ahd piawe n the [IRGRAted JHBAJIRRHIVBF IFid OGRS QY 85nde@iBRUg,Cat i on:
cabling. In fhe i||4JStI‘ ted embodi nent of Fig. | | A a conventional hub
2100 doedPiiBtY BFEdi d8 WEeERCEY npéiterndbiEr noheaepasalindeiaed, dabkinag and

a power gippgiatednsl azteﬁaﬁ\g@mﬂa&re@%&%@%@ma%égmhﬁg %@.Cat ed externally of hub
2100 and includes _a power supply 2132 which s pg I es operating power

and/ or backup powdtisg@aitignlas featuranf the gabodingnitdidig. dGBrthatidetatand powaidre ng  as
wel | as @riwey NagSREYL. | I 33.. The ,conmmuni cati on cabling
connects a LAN Sggmat(_:h 21340%&@%%{/65%#{;&#51%3%“05i mggylu% conmbi ner 2136 in
power supply and fAtairagepreeiated uthgty igenOBl JQisamds aoenanbsdimbe b8 ac eysimer to

the var 'ﬁ?b’\ﬁdﬂné‘l\glgﬁ?ﬁce sp'ow-(l;p %o Cﬁ%i ri"eArN Zn%%gs %?augl Eusb %lng Céorrrilrgl?nlicart)i%\rlx\egab;irrlgo mthe
connecting the hub to various LAN nodes. Another embodiment of a system providing
electric power to plural LAN nodes via a hub and communication cabling connecting the hub
to various LAN nodes is illustrated in Fig. 11B. Fig. 11B illustrates a local area network
including a power supply and management unit operative to provide electrical power to local
area network nodes over communication cabling.

In the illustrated embodiment of Fig. 11A, a conventional hub 2100 does not
provide electrical power over the communication cabitng and a power supply and
management subsystem 2130 is located externally of hub 2100 and includes a power supply
2132 which supplies operating power and/or backup power to various LAN nodes via the
communication cabling as well as a power management & control unit 2133.

The communication cabling connects a LAN switch 2134 of conventional hub

2100 to a combiner 2136 in power supply and management subsystem 2130 and connects the
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power supply 2132 along the comunication cabling to at | east sone of the
LAIN nodes. Bidirectional data comrunications fromLAN switch 2134 pass
t hrough the conbi ner 2136, substantially wi thout interference. In
accordance with a preferred enbodi nent of the present invention, there is
provi ded in power supply and managenent subsystem 2130 power managenent &
control combirter 24 88 winiooh LADNiddas STHRNGnomirraBS chiy@esp@viiicas pppki Bombiie

subsyste 0 to, various LAN nodes, via the comuni catiqns. cabling.
The pover e brifant? B bt Srip BRSO I e Wty CO A IF SAVEEOaR h o
manage meditiiravan ke tdatal @mm2dddiofy e6ematl ywittia 2 &34 AN afro@WANcodinagement

vvorkstatig)n 2140 lﬁ oper%tive, preferably under the control of an
oper at or"* ¥ BHGOY EFACYIRRICNEERSt i on of power nanagement & control unit 2133.

I't is appreciated hdatdaacRRREABER MORLESHALA MY Bd HQsIRY - GAMEL MhdBes
operation of nultiple power managenent & control units 2133 and may al so

gover n tHEGHSRATER Sepplynand Mmsnisements subspem 2139 goweremapdggmentiné control
communi Gak 9ty eakdi fg.; t : r,.ed12,
facsimle machi nghﬂ%égogsg@dccgﬁ%ﬂg &e%%o%%%@p;&?f%ﬁ@%ﬁé&ﬁ@ragﬁ gggyngl%bvgé é%%
power, WHN aoddsevic theneomoati¢aoinne edblinggThe powtrheadagbmai0® dootroinenih@lBcanmer a

2114 2118 ' b d d in dth
communt S5t o ERFRABAR SHs RaMesBia1tb bt naPLE AR o0 3% B Fiea o

data anWAly, but need not pass through subsystem 2130, in a typically LAN

arrangenment constyucted and eratjve.in accordapc with a preferred
embodi nent of t he" BPESBIE Wﬁgg?ﬂqn&}.‘ﬁl‘%o?q‘i@“’ﬁl Hrﬁgt’?&’é}f ‘érdieéﬂ’n?o%ﬁ“ﬁ‘éln?{ B Fig.

11A,  eaoperaibr, thgodeANHB QPG hloiDower bl eahCh cHREQINAS 1DOWR s dpPrafaidl ded
wth an external separator for se&aratlng the data fromthe electrical

pover cdlibl%edPATBLeREt cCHRFTATCREAI6h Babl stigm Thee ortaemad! swpénlat prwer
ass0ci atfheclehil cERATGHAYA0QAEBaP 12 ovdd 30 AERGLS ANRLEDAY 21 @pPECt i ve

ref erence nunbers 2142 - : uch separator has a conmuni cation
cabl i ng i nput andit defrgn dha thfatanmumcasionesablingufrput the hbb 2180 apphreedéshtopd t hat

sonme or gk f~t:he 2 - alt tivel e rovid W th
o or ot 2 118CRAAR thite 21£6 20a Tihnfict BLARLLYE Yot P bEARR" |
provi depowsrt whibxthe coramusien@an attiing. fran tHehubRpderi the Rub tdasdra 2 hldaadiltANN t o

t he LA e cribe er ei nabove,. t he resent inventi.on is.useful with
any ot hthr Sg%nl%t%g?é:a%agg&s({?gah“gs?pef%‘flg R F‘Iéfg\ﬁn GOBITUELCAIAR o2 @@e&%mpoi nts,
emer genthy HubQlitOONg Sy seedt el ETestiss oPRUEAY sh@UASP HAKeES] nSCPYsCRARRIGAS,
al arm sensors gi)oor. entry se][lsors, access control units, |laptop conputers,
net wor k>BPEHEhELY. 49 asiypifallysL AN ETang e et Hreasiastedr 2t esitivRoRiCETEaNAd

menor y bﬁ@ky&fﬁfﬂhte%xbt)@ﬁneg@' 1R Skesent invention.
In the illustrated embodiment of Fig. 114, each of the LAN nodes 2112 - 2120
which receives power is provided with an external separator for separating the data from the
. electrical power coupled to the communication cabling. The external separators associated
| with respective nodes 2112 - 2120 are designated by respective reference numbers 2142 -
2150. Each such separator has a communication cabling input and separate data and power
outputs. It is appreciated that some or all of the nodes 2112 - 2120 may alternatively be
provided with internal separators and that some or all of the nodes 2112 - 2120 may be

provided with external separators.

It is appreciated that in addition to the LAN nodes described hereinabove, the
present invention is useful with any other suitable nodes such as, for example, wireless LAN
access points, emergency lighting system elements, paging loudspeakers, CCTV cameras,

alarm sensors, door entry sensors, access control units, faptop computers, network elements,
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wor kstations. In the illustrated enbodi nent of Fig. 1_B, a conventional hub
2150 does not provide electrical power over the communication cabling and
a power supply and managenent subsystem 2180 is |ocated externally of hub
2150 and includes a power supply 2182 which supplies operating power
and/ or ba p o.various LAN nodes via,the co ni catiog ling as
wel | as aggghéfqﬁgéaEEW%ﬁfE@Hc%ﬁﬁ?%lmﬁﬁF¥séT%??&?Wg ﬁwgﬁﬁ?% abtd ng
connect s aobNtsms.t ch 2184 of conventional hub 2150 to a power supply
interface 2186 in me§r.@quI£ %ﬁp nanagﬁnﬁnt‘subsysten12180 and connects
the conbiner to the VAFi'SHECANTGHEET Thepduer2 SUPFRUP TR hir $ialelopy 86
provi des pelvelet eiccaicald @ovkr fdvam thhec M@ ica5uR DL 1134 8214812088wtNGuppiy and
conmmuni cation cabling to at | east sonme of the LAN nodes. Bidirectional

data commiAPEATFENE PG “LHNSSRFatehe oy ispefdyd 21AP sudginchudes poawer suphl y

| nt er f ace: 2b8GhicR UBIRdRlkiNg YolBOM EMRIEPEENGS, fioACLANIANEE M I 2
preferred enbodi nent of the present invention, there i1s provided in power
suppl y antPrHRHEEIvE FEDIEsyellama2p80r peveempetnfagenehtni&2Bnt rol  unit 2183
whi ch nonitors and : r [ Y. Sub em 2180 tq,the
various LAN nodes %ﬁ%&% éﬁ%%ﬂﬁ%ggﬁgffgﬁgggéﬁgi gy gx%%%g%”Wﬁﬁﬁﬁé&Eﬂt &
control uis0 124 §8wepsupbbriatetfyce ZIGGTM pbeatseppiwahd manimB MR SN IBHteWO? I8btaati on
2190, preferably via,a LAN.or a Manag nt workstation 2190 is.
operat i veJ,O%Be%g %’F e?BW‘"ﬁﬁEPe‘ihetvﬁréO‘{\é% §pdest %ggpo‘ﬁ?feﬁuaﬁibﬂ}*e@@e&é%ﬁpvﬂ%
oper at i orelafriqabpeweMBORGREIveAsGip D082 MBhd tHel &inmidicdtdn AP RCIAKEHast t hat
a nanagenenttﬁqﬁki%ﬁ%lon 2190 may govern the operation of nultiple power
nmanagenert & Cofit Jieres Brdipestiannd datpycomraenicasipas iromhbAbpeviedhi oFf4opass . -
mul tipl e thwbgh B58wet furbi iS@EH: H?UW ! ling fromthe hub
2150 to the %esk?ogz éngUter_Zf%%F’%gggﬁﬁl e‘#%@%ﬁ%ﬁé% 6 and conput er
2170 carries both &age chrik appreison@ embodiinent ohide porseinieatibmnhealbt i ng

fromthe ; t t el ephone 2168 carri
ottt & il Ahttr l5pl) e GRTRE Syt Sibeliin Ao foReEBIRNEREROR, SRA
2150 to tung 248% whichongmtornand @strolltye pata sapydiedy, subyiteMERGO IO theP@BiBUS

t hr ough tem 2180, in.a typically. LAN arrangenent constructed_and
operativ%§#§ﬁ§%§d?%§%% mnWPTﬁnﬁ%EF@ﬁ@gr © 8RYEY MRt EHEEPlerik 183

i nvent i opreférably feemntnisitdsatitta amaeeinean wotlistatibg 2150, Paefe@BGVioh TAR dAN
nodes 2162,-. 2170 which receives power is provided with an external

connector Tor separately providing data and electrical power fromthe
comuni cati on cabl Magagehldar RS&SEAGH 2 BONNBELM S, BRRLHIALEE Wd BnfBI of an

respective nodes 2162 - 2170 are designated by respective reference nunbers
2192 - 29pYyator, to govern the operation of power management & control unit 2183. It is appreciated

es
hub

that a management workstation 2190 may govern the operation of multiple power
management & control units 2183 and may also govern the operation of multiple hubs 2150.

It is seen that the communication cabling from the hub 2150 to the desktop
computer 2162, facsimile machine 2166 and computer 2170 carries both data and backup
power, while the communication cabling from the hub 2150 to the hub camera 2164 and LAN
telephone 2168 carries both data and operating power and the communication cabling from
the hub 2150 to the server 2172 carries only data and may, but need not pass through
subsystem 2180, in a typically LAN arrangement constructed and operative in accordance
with a preferred embodiment of the present invention.

In the ilustrated embodiment of Fig. 11B, each of the LAN nodes 2162 - 2170
which receives power is provided with an external connector for separately providing data and

electrical power from the communication cabling. The external connectors associated with
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Each such connector has a communi cation cabling input and separate data and
power outputs. It is appreciated that sonme or all of the nodes 2162 - 2170
may alternatively be provided with internal connectors and that some or
all of the nodes 2162 - 2170 may be provided with external connectors. It
is appreciated that in addition to the LAN nodes described hereinabove, the
present TEFRFERTS e S1636efAI0 Wi festangied DN ERSPSEH e ablceenprodesbasu@ H2as219%F or

exanpl &, Lith klehinbAD nAGCESIARLILS calPIETARNGN b ORE NG 8Y SN GlaIENt S,
pagi ng- | oudspeakers, CCTV caneras, alarmsensors, door entry sensors,

access dbitaPBlecidifittaar somstospl! ebhsurdess? 1 Aetild? kap kkmeaitvsly bequokdedsvitiubs,
swi t chesn@nd FOMElSs 0] e ckup units for PCs.and .
vvorkstat?ons. Referoesn?:e imsaE %%\?\f?r)g g to f’—'i}ﬁaggéﬁf \Aﬂ%hm?ysg%pgolwr{r%? i“fltlhed
bl ock dicatgrasheonnettgstrati on of a hub, such as hub 2010, useful in the

mbodi f Figy .ef I i i [ I,
cComor o al 1y avar Fabrerrerane St e U e LR en a0 R o)

whi ch f prestntomenden & dafid vaonamy nitea tshion | Syide¢ Richapeat efmand wislesCoam! ed to
a coupler_and filter unit _2837 whi ch Lencl udes couplers 220 and filters 222
ety

as showA“ThPRPE: SHRTEHREY LGRS DEIM 6-TEaitn PRERe Mydwetlry. CADA MRy

coupl er ahRf skhsob€ BobNerdiry2R35rd, .c&R0 BERAE Unit O 143 d} hdlielts v BE e ROVET
al location and reporting circuits (SPEARs) 2224 Each SPEAR 2224 |s

connect 8¢ &5 Fyfker sWikehsplapd 2193tery, FRepitors @A) themory eeekwn mgitelfecPES call power

t her ef r Q@vksldtiohs appreci ated that power supply 2032 may be physically

| ocat ed ext er nal lbé of the hub 2010. Power supply 2032 may be provided with
a power failure bBeRigce acndwinpadesiochigad2a, baidheisya siomphifed ibtmk dPenen

manage - GO [ i . A) ., preferably.include PEAR

cont Por TasrfisfAd B ek a8 BB 0T DocADH inePorhetiieht Y ke esup o0~
m cr opr ptsady cofpfissgs a corventiynal 1GGnraerdiattp nuibbRATIANN sGitElC Wkl Ws 2168, whi ch
typi cal |y, i.n d a, pdem. he . power nagenent & contraol subsystem 2038
is pref %‘%(‘é"]gd%p@?%t}%: Feict RIS e BB PATGIF2EIN AV IChHEPEHRE Bl er s,
filterscapttdSPEARSplenuna@iel Mer 220 3GhiasSinwehds RBpitQ 200Rtd Slert B 250RGKAL i ON Of
t he power_.suppl 032. Power managenent & control subsystem 2038

pr ef er aBIKS- PERE BYT Off OMbIgAA i 1Bk station 2040 (Fig. 10A) in

order to enabl e TREERHRE aAOHiEPLnidRE3 MANEIRELDD O] phii8iP VP-RaA! JoReAt ed to
the various, LAN nodes in various operational nodes of the system

Ref er erft@cton g tRperéing sireig. (SEBARSWH2hEpeh SPEARBRI4 isewpnhapwikio dioagr am
By oy
avai | aueply ZARE swy belphyswudh lemstel Aernally of the hub 2010. Power supply 2032 may be
provided with a power failure backup facility, such as a battery connection.
Power management & control unit 2038 (Fig. 10A), preferably includes
SPEAR controllers 2160 which are preferably connected via a bus 2162 to a microprocessor
2164, a memory 2166 and communication circuitry 2168, which typically includes a modem.
The power management & control subsystem 2038 is preferably operative to control the
operation of all of the couplers, filters and SPEARS in combiner 2036 as well as to control the
operation of the power supply 2032. Power maﬁagement & control subsystem 2038
preferably communicates with management work station 2040 (Fig. 10A) in order to enable
operator control and moritoring of the power allocated to the various LAN nodes in various
operational modes of the system.
Reference is now made to Fig. 12B, which is a simplified block diagram

dlustration of a hub, such as hub 2060, useful in the embodiment of Fig. 10B. Hub 2060
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switch 2084 (Fig. 10B), which functions as a data conmmuni cati on
swtch/repeater and is coupled to a filter unit 2087 which includes
filters 222 as shown in Fig. 3B and forns part of power supply interface
2086 (Fig. 10B). The filter unit 2087 is connected to a plurality of smart

pover al | geatiabiy a@dpnsreeraocrdnwagmw %mh«ser&ﬁ@Eé\E&'ﬁ)am%ZZﬂN E@&&h %E’EABS 2244 1S

connected to r supp 2082 Fig. 10B) for receiving el ectrical power

t her ef r om*™f tPIE) %\Ag‘%rfﬁ’rgeépéf e‘ﬁh‘f”haf‘t‘“%‘@ﬂk BS dufR yopmepicatipay siechsRestice and ys
| ocat ed exbesiaald ¥aRé: dhechy ahZ&QchuE&VYﬁ{erwﬁ_PAsyeh@\%?n ﬁ@ygﬁ)%ncpfog%émg%g ot W th

a power failure backup facility, such as a battery conné&ction
managemenPO¥ L BRPantefare 2080682 F9R). 10B), preferably includes SPEAR

i o opr ocessor | 228010 St S0 R R S Al PRt AP Ssun o
typi cal | y répegingdasuas ibefesRs) 2[2179 Emspma@gnemtco&eemtm Qowatbgpst 1822088

is prefer Yy ive to, c ol eration of of the filters and
SPEARS. | nCHBn D Ebo el Bk et PRl P ore PRE! PP anitrcionet RepRp R | on
of the powey bsqthhyaIBOIﬁEatedDamhalmsaﬂﬁgﬁrHﬁBtZO&O CRAdr Qlpp b 288 tRrededabl y

communi cat e enment . work station 2090 (Fig. 10B) in order to
enabl e op&f g?c?f’we’é%ﬂ gﬁ“‘&‘ﬁﬁ%‘m Sushiang Daltery RennseN@™ al | ocated to the

vari ous LAN nodes I%W@f}n% eRekalh I t y ce is
now nmade go Fig. 13A, which ?Ig a si %r% I&ﬁl %[gp%ggscgi:ﬁ’ QSPZQFE?%MQ E‘gg(?on of

a hub and %E’b%\ﬁ@f‘tf%l@ﬁb Y oatichransageftehly cabheyest ¥malneRET8 tma nigoprecdsaddi ment
of Fi g 1@2%0 h%fr%qﬂ?Zéfdng COE&&I%Elgﬁggﬁvﬁzﬁﬁmhl %%S IQ&IF mc S%%E[aomng' em.

comercially ava LAN sw t T Unct =
conmuni cafh%nowwammeme&tmntrahd:hssmammseds tp@efeﬁh@l cﬁt&l‘at&é% doatroli hg part’

i1 Dor - ung tPBpHo RSYRE Ml GHTSRBORF &t £ erzipntnirterice a0t woslLes eramip! :

Fig. 4A fﬁhep@‘@mpi eff thapdwtd dupply 2082t PALS Mmirg&RE &F Lbord] @nR 2088 halfhdly O
smart power catJ on and reporting.circuits (SPEARs) 2324. Each S

2324 is cO Omﬁ’é“é’t‘cé‘ tBh FRBIemEh IOk 334 £¢504(Fig. J0BA)in fosder ta captip ﬂgerator
el ectri Cadonﬁﬂwid tohefiebhOBr the ﬁ&vépgfcﬁﬁﬂeétt%dthteh%mﬂ@’f SRR ¥ ARas may

be physi cal | ?cat ed externally of the power supply managemnent
subsyst efiPSHeR2! pdes oldfipHisier 132 may be pr OVI ded vvlth a power failure
backup facility, RUeheRs @088t ntrol
unit 2133 (Fig. 11A), epreflernabl yg‘irlé/n(t:(f?%g ﬁ%’ Eon ersnléﬁgéﬁ?\?&n ch

are pref épléﬁg'ﬁ?orbd}fnéch@dam a aohes s2@8P atr(d aandgemepr ac@stem useful in the
embodiment of Fig. 11A. Hub 2100 (Fig. 11A) preferably comprises a conventional,
commercially available, LAN switch 2134 which functions as a data communication
switch/repeater and is coupled to combiner 2136 forming part of power supply subsystem
2130,

Combiner 2136 includes a coupler and filter unit 2137 which include couplers
320 and filters 322 as shown in Fig. 4A.

The coupler and filter unit 2137 is connected to a plurality of smart power
allocation and reporting circuits (SPEARs) 2324. Each SPEAR 2324 is connected to power
supply 2132 (Fig. 11A) for receiving electrical power therefrom. It is appreciated that power
supply 2132 may be physically located externally of the power supply and management
subsystem 2130. Power supply 2132 may be provided with a power failure backup facility,

such as a battery connection.

Power management & control unit 2133 (Fig. 11A), preferably includes
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2364, a nehDry 2366 and conmmunication circuitry 2368, which typically
i ncludes a nodem The power managenent & control unit 2133 is preferably
operative to control the operation of all of the couplers, filters and
SPEARs in conbiner 2136 as well as to control the operation of the power
supply 2 Power  mapagenent & control subsystem 2133 preferably
communi ¢ \/ﬁoflfl’i‘meﬁsia?nﬁge"ﬁlﬁﬁl? EW?feréP'é(t‘ioﬁ?FC?fW e Puy 2347 to Apigreprogedenr t o
enabl e opRWAL MenRPNLIY 2@ G AN bk agculatai Z%dﬂ?wﬂgﬂﬁ#i@‘illly%éﬁ&g At fodef

e

various LAN nodes in various operational nodes of system Reference is
now madel tPGHE Mmarasmeghe cRnirel uait 3 wpisipriferdbllcpetativit mepoatme! the presttivatdfon of
a_hub ang & (ROYRHISURRLY 130 dp BTN SQTdlrdilnd D& gaRedi ment
of Fig. |1B. H%%JbZlSO (Fiag. Ilg%i pre era I“€§%§§n‘%§q ésjs’etgj cgmcr:%rtll\l/eeo %r%lr?glo?
commer cith¢ PywensappaBlE. LAN switch 2184 which functions as a data

conmuni cation sw nd i s coupled,tq po supply .interface
2186 form ng part p}))?g é%\%ga%%}sng%tp‘?f? ntr@fﬁ@?’gﬁe%]ffS%‘?f\é%%%‘fop“}grﬂ%rﬂf?esl WEer f ace
2186 i nohardgement fwdrk eatiamd MOZER71 i iaordaned eehoR dpetdi@ Bntrd GAd asorsbaM® i N
Al [ocat 1Sk PEsal b e et Pty s bulfasae e AR B SRS
connected to poweRefexiapt ¥s 238 2madeFH0Fid 158B) Widh [ InhiIldI8H biaghlm pPower
t herefro |t is _appreciated that power supply 2182 nmay be physically

| ocat ed "eHITBYNRI Y2 dubt A FoRevers SHPIY 28R dmARASaGene sebsyiitn yusedih 1 gt
Pover sepBbiin@hB2f MBY. BEB PR kil D 339% Lo siac faghliity,
such as a baltt_ery Q%nnecti o}?. ggg)\/\glgnézgg menl'iafjgI (‘::onﬁrrl%l’gl %#{w%ﬁgg&l’( Fig
|1 B), premeeeimly pradiebldedANSRRARN cOWRY oibichr S12876 whi « Raar eopmehieatdl y

iconnect eghMi/AnaQus, m. Gl Oprocessor 528%30 a _nmenory 2382 and
comuni catT onv et cuf‘t%%"%ﬁffngg p\%lgrc%%f)@ﬁf%eéf‘?eyz' Pimiag p&“r?lg)ég%er S”Pﬁ& power
manageneyisygew@ige.ol unit 2183 is preferably operative to control the
operation of allgzof the.,filters %SF RS.in pa su _pl}y iinferface 2186
as well as to cortrer TR 4 3rc8t2?€ g ”%??1% ﬁhwwﬁﬁw@c Taphudep differs
managen®¥i assshoentn Big. 4mi t 2183 preferably communi cates wth managenent
wor k station 219Q5h( Fig, |. IZI%% in order to enabl e operator control and
monitoring of th St i 2T &t RolnecEect e DiEralipel 10 Aovsliontipdrangus
oper at i @paingReesitsO{SPEARsP 231L MaciRIPERENSE74 7 DAMARIR b Qdply AR & 14B,
whi ch a{Fe S| nB)I ified block diagrans of two different node COI’]%I gur ations
usef ul §8-tHE) &frsentviemelsctoeal moyer therefomy tdRapmwecisted thaapowdr s@ply 2182
may be physically located externally of the power supply and management subsystem 2180.
Power supply 2182 may be provided with a power failure backup facility, such as a battery
connection.
Power management & control unit 2183 (Fig. 11B), preferably includes
SPEAR controliers 2376 which are preferably connected via a bus 2378 to a microprocessor
2380, a memory 2382 and communication circuitry 2384, which typically includes a modem.
The power management & control unit 2183 is preferably operative to control the operation of
all of the filters and SPEARs in power supply interface 2186 as well as to control the
operation of the power supply 2182.
Power management & control unit 2183 preferably communicates with
management work station 2190 (Fig. 11B) in order to enable operator control and menitoring
of the power allocated to the various LAN nodes in various operational modes of the system.
Reference s now made to Figs. 14A & 14B, which are simplified block

diagrams of two different node configurations useful in the embodiments of Figs. 104, 108,
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The circuitry seen in Fig. 14A includes circuitry which is preferably
enbodied in a node, parts of which circuitry may alternatively be enbodi ed
in a separator or connector associated with that node. The node, whatever
its nature, for exanple any of nodes 21012 - 2020 in Fig, 10A, 2062 - 2070
in Fig. 1918,n2142 - 2120 in Fig. I 1A or 2162 - 2170 in Fig. | IB,
typically includes circuitry which is required for both full functionality
and reduced functi oh Ci'!tcyitryo&raerr at Fign]4hexkdtetirRitry @szend praferbly eHbddiyd and
desi gnat e - uner al 2400 and rcurtr whi ch is not required
f or reducf(i:ildé3 ?tﬁ\c%%nogﬁvﬁ& 58k at gh gratge lﬁ’éﬂrreé’éf"’dh@rf“é‘%%%méw CONPER try"
and desi gﬁacvcea:tetbymhéfaenedbce nuneral 2402. For exanple, if the node
conprises an IPt t he essenti aI circuitry 2400 includes that

circuitry enabling g? ‘F}%ft%“ﬁééfﬁ naier. [Premamglrernnt plenaded é(blﬁonéOZOwthlg t he

non- essenl(]Aa.|206]ZLQDIT(I]E])RQ%% pnovi des) jamed hhar Chyi
automatic redial, tel g/%hone directory land’ spea ejfllggor%ég(?&n% £i onal fapﬁcauyTh

ci roui t ry"SUS G BRIGhis cIsgiiEedt (a1 ksl Iyl rﬁa’rcitloof-hty rwdru@dte:erisﬁmmhnemyed by
r ef er encespatifiBs erd e

i ncor por atped Wit helrnée?‘ﬁgd qnsg Ua%ﬂgﬁ%%wyd é{}!g, g‘%tre :CTE% {Eeﬁ?nﬁ%\ff@?’e?ggﬁ?% 33406,
such as Mﬁfélffygﬂp@f iy nBt 1pQuifedl fgr reidpedofundiBBality Epgrat:ExB)hefeetéxeme‘de%o@Je.%@htﬁdl cal
power Vi bl | f roma r r such _as separ ator 508
shown i n%lr?ﬁwu%ll Cf:@ésfg?l 3%8% élﬁ? B?me@féﬁ% % of ths 58de pRyRpriseR ari g,
7B. The Ibmlmhosuphd gssaﬁﬁﬁmsanmn} pe® @br@@ésrrhmimﬁﬁwna&%@ai &Pl spelk Lhe
essenti alh rCH@V\nXlFEZEWOO a via a swtch 2410 to the non-essenti al

circuitry ® “?4‘f errﬁ&‘? oM gty et 02cpratides anchlary fenotipess of

el ect ri cabchpewetondatio fadel RESHKonS YR Yy 24d 2 éMS R ed to mains
power. Switch 2410_receives a controry in p %r? %ﬁe;ﬁlg%%{arﬂgt%l er 2414 which is

typically a conveht§ %f?élftfyrﬁ"@p@é@)ﬁt‘@%fvhlé Isrtn'maldiy pg‘t af te madqnsonmpmiad by
Cont r ol | effere W i sor 2416 Pr bl y

controller 2414 also receives a coO tro
Sensor 22%d Wﬁyloﬁé)erdmrérnén%edwczmuaplrsaam@fersu@:faspmﬁ&rb\l;@iw\ﬂwsmg UAgrayssd or ¢

exanpl e, | evel of the electri power I supplied to

pover sug?) ;@4[6 Eivdey d%gﬁgalnpacf“fer 8% “APPEPRHAN & ‘“glfim"ﬂé’ys@éﬁg‘g doft r ol

si gnal t Jeaprater 508 shotwmain &, ?Asmr(ﬂ‘brﬁs cenrti@f dlich s WAsEdL BY sb@n tDE;
managenment & control unit 20§8 Vi a

comruni ¢ fr om.t he. power
t he comﬁéﬁ%g ég"f’? 5 SEPRYRS CISPrICH T SOPAFeE 1 g RESEYA girguitEy éfﬁ%ﬁidrre nt

of Fig. ViabAswitchl 24a0Nnatthy @bi-essehtidTONcHEDSRA08 SRMCH U161 Isd I r@c%ﬁ@
t her et o, #glf}aas a_signal transmtted via the commnication cabling from

the poweP HRHAGEABHY okelegies ovgniTem 208 ensumpbhds 184vhich is connected to mains

power.

Switch 2410 receives 2 control input from a controller 2414 which is typically
a conventional microcontroller providing a binary output. Controller 2414 receives a control
input from a sensor 2416. Preferably controller 2414 also receives a control input from power
supply 2412,

Sensor 2416 may be implemented in a number of possible ways. It may, for
example, sense the voltage level of the electrical power being supplied to power supply 2406.
Additionally or alternatively, it may sense 2 control signal transmitted thereto, such as a signal
transmitted via the communication cabling from the power management & control unit 2038
via the combiner 2036 (Fig. 10A) or from similar circuitry in the embodiment of Fig. 11A.
Alternatively, it may sense a control signal transmitted thereto, such as a signal transmitted

via the communication cabling from the power managetnent & control unit 2088 via the
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power supply interface 2086 (Fig. 10B) or fromsimlar circuitry in the
enbodi nent of Fig. [|1B. The sensor 2416 nmay receive inputs fromeither or
both the power and data outputs of separator 508 (Fig. 7A) or connector
558 (Fig, 7B). The input that it receives from the data output of

separ at orpds@8 sarply anaesk @3558 MyR ber haRReM L 1 ggﬁlgp A DR EQ: Iﬁegeoeﬁsent i al
C|rCU|try %@ICh may i nclude control signal deco I ng flunctiona

preferably may be derived froman output of the essential circuitry which

provi des a decoded Teentswl 231 QnRaL .rekhe fynctd gotrol | er, 2414 may
be summmar zegcwg.s foll ows: Wen thee con]t irjl% M%ﬂfﬁ g%telltve cor‘?t(12

i nput fr &t SeRATHAT YODF1 T dr saniepigr Pﬁ&(FlgrB?iBr)sTlmomrt that $t rd:xemcals abke, it

oper at es Mttac(ku t p d ta both. essenti al
ci rcui tr; 23400 t%%cjig ﬁ%dﬁ?%%iffeb%ﬁrg? thrO tﬁﬁs‘% 5%%@?3‘13@? Th A EPRE pBWeTentiEl not

avai | abl ETGIEY el H@lepF@ddQAI:QIZmI mgnaheacsxdrngZﬁﬂaﬁmnhlngl gat ?‘efehhbgi mayfde ci ent
power isSy I j cations .cabl i ont roller 2414

oper at es g:/{\ﬁi ﬁﬁ’%%ﬂ%ﬁt@ (ﬂﬁ? hat™p zaV\(fér CUjiy R PO, est;’o %ot essemtgnal
circuitry 2400 andThmfanneme@tdfabnmlreeQHIJ a0 mNiBRd 2D IBYRT WHBRIHAS

power is V. able via po 2412 and sensor 2416 indicates
that suf F‘?@ﬁt‘ﬂe‘%ﬁ ?‘{14\/58?‘31‘{% arFSBtfg\E}aPthafWépo‘%rﬁP%y P&} ipisrtincabatsndiscpovid 10

such t hats eazdmumtleOpameg swicHS BPR) LR Mttt r ssenti al
ci rcui tré(ém% 8 diti onal . power betydgr‘f% ?”ﬂﬁlﬁltu’l;ﬂg éﬁ)ﬁﬁdﬂl’\ 3é%se9t1atl ercl,él

circuitry 245690P% esasl‘""g%a SUSHIERFE. it may be suppli ed to the non- essenti al
circuitry 2402 vi ayvsm v t he op nof s h 2410
tfalhs 2 bRr 1A&t§eﬁ%ﬁe flatonk Spa® RELAY 8 2t €

by the controller 2414 may mot term ne TR 1 power
avai | abl BICHEs tf}ﬁbﬁ#@?leebpcew ipyvatlehlerod thei gmahmicanseshbliby ®efsiRr 22446,

whol Iy of t y n LY, O theaallable ower. Reference is now
made to |e§§€3 L ﬁ!émg?‘?%uﬂ’t%p?og’ge ¥ S‘fJ‘prylé t0 158 jesentil edreugty @40% 29 whi ch

is pref ewawssﬁne#tmrduedmaza node, parts of which circuitry may
alternatively be rrbo ied in a. sgparat or or connector associated with that

node. A power supply 24387V EuBR " AFObR MOk BYIRYle 31D PPRFIgSUPLY) 26k BBD (Fi g.

7B) r ecernes 2¢l eoidicnealthdd Quiicier Bow TR SALIND cof@bler 1y exfa{eg%ﬁ }§§9ﬁf ator,
such as Sﬁggglrat%a 508 shown in, Fig. 7A or from a connec sucﬁ

connect or We PR™ES 1§, Sunmyisd "“FH‘emﬁB% PrigTfy P yh%wtehppiuntesizmoeéﬁ rical

pover v iaddicionad pbivebeddasd tHaf rdqfiRe by Edbit; t; tch 2438 may
al so recei e el Ctl’le(%‘g (gl\/vgitrq ?ro)fn a- 68\{51?&1%&' 9{00 g%ﬁ% V\%Iabﬁ: tmaé"o‘:hnect ed

to nai n&"RR for Pt é?fe’?@é@f?t@ae?‘?ﬁe’s“@as‘ﬁm?rﬁﬂ | nput froma controller 2444

V\hIChIStyplcaHmttﬂ% t J d a binary
out put. Controller %42}14 fwe?& (J\’P%%o con %6@ tge oSnitrofier 2413 may not be

etermined solely or at all by the power avallable but rather solely by control signals sensed
by sensor 2416, wholly or partially independently of the available power.

Reference is now made to Fig. 14B. The circuitry seen in Fig. 14B includes
circuitry which is preferably embodied in a node, parts of which circuitry may alternatively be
embodied in a separator or connector associated with that node. A power supply 2436, such as
power supply 510 (Fig. 7A) or 560 (Fig. 7B) receives electrical power via communication
cabling from a separator, such as separator 508 shown in Fig. 7A or from a connector, such as
connector 558 shown in Fig. 7B. The power supply 2436 supplies electrical power via a
switch 2438 to the circuitry 2440 of the node. Switch 2438 may also receive electrical power
from a power supply 2442 which is connected to mains power.

Switch 2438 receives a control input from a controller 2444 which is typically

a conventional microcontroller providing a binary output. Controller 2444 receives a control
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i nput froma sensor 2446 as well as a control input fromnonitoring

circuitry 2448. Monitoring circuitry 2448, which is continually powered by

power supply 2436 or power supply 2442, senses a need of the LAN node to

shift to fuII-functionaIity from sl eep nnde functionality. It may sense

this nee rece|V|ng a user, input indicating an intention
n

to use tﬂ%t 8eeor f/orr e%e6 & ng'la®t f‘?rﬁm HBRYE fgem vingnitoRas corimi et ons

cabl i ng.MoGontngoditoaitri? 444 lmychaﬂssamﬁﬁfaﬂyv;ﬁw&r&iow b@wlveﬂ ﬁBH?/ 'M;@%r%‘%‘eﬁ»
nsor 2446 | emented in nmber of possible ways.

supply 244 e

Itplrora))i, SFB&Y 2§§an§ﬁ“ées %aﬁge%t‘EE‘eL QPP%‘&etOISéI%FO Bl @ﬁ@loéaléﬁtfmr@:élpeqoméﬁ bei ng

suppl i edhmoaﬂw?rks:ﬁ@pls%s@@ﬂ@neem@lﬂ a0 1Y QLei@hd %rLfgg,t Iyl ;ﬁdwgg%%gry sense
na

a controql si transnmtted thereto, such as a S|gn ansm tt via the
comuni d%fF’i“H’r? TOANE iHfgndeHnbY Iecehone ComiFr geavisst V& Gonemalinigmidns 208812, vi a

t he Conmdﬁﬁbllez—%ﬁfl Gfaly G so! rg&}ve%r ofn{rgf%gdt'ﬂoln? rﬁérrosﬁﬁﬂsjf Lys;»i n the enbodi ment of

Fig. 1 1A Aternatively, 1t nmay sen gnhal transmtted
thereto, such as as@sfgn%%tmaart@mrrmmntcd ia 2 henteo wiyodsbéd ways. dadbby, mgr f rom

the powe ntr nit 2088 via the r pl nterface
2086 (FeepRerning SR M bR ot bomicuhBEG roHE BiobiA0. | 15,
The fundtddmnatllytqrabn‘emﬂmly al hey se2ddd coraysl Bigns wahdhitigeReto, E@h 9Wsignkn t he

absence of %dndl ﬁ%tl on to the ‘gont ary fromthe nmonitoring circuitry 2448
or fron SEREEFd V13 Ahg corpmunicaion cabling roip dhe peer sugnasgment &acasgol whit 2‘%—’1& cuitry

2440 doe thetoaPREALE3s (@igerma% o8 GiokAhhlal apéﬁtry B he CRbYAMef &é“ﬁg [am the
m)nltorgﬁg Ci.r U|try 2448 or trom sensor 2446, indicating a ne

oper at | OHEFH 3f chimey ypensgLocontrabsigw tHiapsmisted thzeto, 09@@11 at esigoal t@hmiaik@S to
cause opgrat 'c@t?mf?zfmc%h&? l&hﬁi{n ffo‘%‘lthe Bgévgrr Eﬁem ”g }1@? eZP%% lwa The

circuitry seen in Fig. CII‘C ¥bodi ed
in a nowefp*apmls H@tﬁrfm WGdF@cmDB} yr framp sahtlarmnmrwehyhebanbcgﬁﬂaadlcﬁ"dﬁgn a
separ at pyg associ ated with that node. The node, whatever its nature, for
exanpl e any of nodes 2012 - 2020 in Fig. 10A 2062 - 2070 in Fig. 108,
2112 - 2120 in FiThe ﬂmm@antgmoman&mm tiygbe bdddaritedPisClilbivs: Inngeudes
i.s.required for %Fg f functlonalltg‘&and reduced

Circuithy waigh i.sgrequire t
functi ohaTTEyT 28Jadisdtion o thepentagy Eé%‘?é’l"Ff’F’é% CEFHIEN P or HAl ¢Brgnat ed

by ref emacme roonEoid: el sdh 2058 G8lidkdr iwhiirg Rake dBal ncgtetﬂiél‘di@%é}{ a" €duced
functi onal |%§nwgerat| on, here_ terned "non-essential circuitry”

desi gnav it iy Fesgived riiihesr fpm 2Be monpering giaenie 241§ or ﬁ@nn@d@mtéﬁ‘tﬁl ses an
| P tel apfiedifig o MRd eSS§RLiBh OpblF&ﬁH 94’402%% o6t vﬁ%% Eﬁ@ﬁtesc Ll §43¥ tgnabl ing

a user to speak and bear over the tel ephone, e non-essenti al
Ci r cui tAYSCEpORIpR o/ ¢igugnadldit | ary functl ons, such as autonmatic redial,

tel ephone direct QLy..4Rd §RGAKGL ?on%igf. ul%(.:t'llhgnc"flrlc{n%%' seeGI? i Fig. 15 includes

circuitry which is preferably embodied in a node, parts of which circuitry may alternatively be
embodied in a separator associated with that node.

The node, whatever its nature, for example any of nodes 2012 - 2020 in Fig.
10A, 2062 - 2070 in Fig. 10B, 2112 - 2120 in Fig. 11A or 2162 - 2170 in Fig. 11B, typically
includes circuitry which is required for both full functionality and reduced functionality
operation, here termed “essential circuitry” and designated by reference numeral 2500, and
circuttry which is not requiréd for reduced functionality operation, here termed "non-essential
circuitry” and designated by reference numeral 2502, For example, if the node comprises an
IP telephone, the essential circuitry 2500 includes that circuitry enabling a user to speak and
hear over the telephone, while the non-essential circuitry 2502 provides ancillary functions,

such as automatic redial, telephone directory and speakerphone functionality.
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The circuitry 2500 and 2502 which is typically part of the node is
indicated by reference nuneral 2504. OQher circuitry, which nay or may not
be incorporated within the node will now be described. A power supply
2506, such as power supply 510 (Fig. 7A) or 560 (Fig. 7B) receives

el ectrical power via conmunication cabling froma separator, such as
separat or 508 showhe fircuFiygRS0% And 2S5 Eowhiel 1soypib8E sdnoatithd modei i indTBted THye

power su 5 |, e electrical. power separatel.y via a sw,tch 2508
to the eggg)ré?lgea c(fgr}rd(F:)jt}-iof4 'réthfrsﬁlﬁcuétr% @?l%fpgmg\ﬂrt"?ﬁ ”Og%}idx’:toﬂxfrﬁ%d Ao ent i al
ci rcui t r podbs02l rovBi destréted 2508 and 2510 nmay al so receive and control the
transfer of electrical gowe[ ;I%ma power su !}y 25}2 which is connected to
mains power. SwitCHEEOERE YAy o846 BHoN e it e Gl ntYotr 16%hdEe fEdm a
control | escei2Bsldectibil §BwkiSvik ¥@rh@ahibiich EOMEREh ANBbarfiof QGO s@hl8fr 508

provi di n%]fgv bi nary output. Controller 2514 receives a control input froma
sensor 25087 By &8’ A0Py CUBHEPOP T EEN N Kigs dBr ddigi RAYET SURRINZO6 SuPRIRSt from

power sugpttiical Dbder RONARALy AR EAWRY 258 {0TRL ERBRLEr iR SHINDRT viRf: PRSI bl e
ways. It_may, for exanple, sense the voltage |evel of the electrical power

bei ng suppi®i ©dtheongsorentid uppshipry2BUB. Swilghitst 18R aindy2 TP byt ekseateceist yndit may
sense a Gkl Ak 13hgaalr eﬁ%ﬁ?ﬂ&b%ﬁ%%%}%ﬁ%&upﬁ#&@Iflswhiach% %[H%llecte& Eciaﬁgms,t ted

via the conmuni cation ca powe nagenent control unit 2038
via the royasi ner 2036 (Fig. I0A) or fromsimlar circuitry in the

enbodi ment of Fig..l. |A ter ively, .it may sense_.a control  si I
transmtted ther etsgfltcgﬁc?f? Ogléng Zg ?%ﬁ%ﬁ% %?eé‘f?s?rf’?‘%{g’z R Fomhg CBBWﬁizgg% on
cabl i ng Whiolmig fygicpibve tonvamr@ein@itiocdneelnt halvidiky i b2R8B8oup@. thsirolReWwsI4 suppl y
interface 2086 ‘%Fi gl 105) or fromsimlar circui try in the enbodi ment of
Fig. 118%™iié QBHIIFPU EPR ighsar &c &b JFactpapitcentrolismiel 4 ey ressivesct FPIRE power

and dat dnpftopvbSw@fugpdpasiat or 508 (Fig. 7A) or connector 558 (Fig. 7B).
The input that It receives from the data output of separator 508 or from
connect or 558 nmy SBEOf apivemay pomplAmERpLn ¢ sunber oferaseipleiveryscitrman.tfey whi ch

o 1 vod e S e R e T B ARl o BB r AR 2 Fe ode
cont r ol Adsitimally ondisimativeln gt miy wuka 7 onEBUdgnalvirirsnittesd tbomtol muedalasy sigmker ed by
Chi 1t oRRueed TP o iR B BN g B S RRAY RrBes B 157 Pt o s
t hi s neet the@ombienpls, (Firy 10AT e omgsimilars@rcuitiypidtthe embbdimbnngf Big. iinAent i on
to use wt%m%%ggy,oﬁ mba séx?s%%i cyointr}gl salgxga ?I'taI[;S(I)rllitte t gr% oe," s\lfui:haastah %\iggZI transimitted
via the communication cabling from the power management & control unit 2088 via the
power supply interface 2086 (Fig. 10B) or from similar circuitry in the embodiment of Fig.
11B.
The sensor 2516 may receive inputs from either or both the power and data
outputs of separator 508 (Fig. 7A) or connector 558 (Fig. 7B). The input that it receives from
the data output of separator 508 or from connector 558 may be tapped from an input to the
essential circuitry which may include control signal decoding functionality, but preferably
may be derived from an output of the essential circuitry which provides a decoded control
signal.
Monitoring circuitry 2540, which is continually powered by power supply
2506 or power supply 2512, senses a need of the LAN node to shift to full-functionality from
sleep mode functionality. It may sense this need, for example, by receiving a user input

indicating an intention to use the node or by receiving a control message via the
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comuni cations cabling. The functionality of controller 2514 may be
summari zed as follows: Wen the controller 2514 receives a control input
from power supply 2512 indicating that mains power is available, it
operates switches 2508 and 2510 such that power is supplied to both
essentlalCm@mﬂewmﬂmycﬁﬂmﬁ and non-essential circuitry 2502. VWen mains

power is not availa ut sensor i ndi cates
that sufficient pov(gé ?J}s{&tgo\?gﬁﬁ qtglcgm\%%yf %g}r@%%ﬁﬁﬁﬁ’%lg?r%eﬁsasgégﬁsngﬂwnI ¢
control | eror28lidr 20pered es aswntrahes:: 508 pand ABAIY :SUT hdidatihg PAVWBEInE Power
supplied to b th essential .circuitr nd non essentlal circuitry

2502. When, Al gl étr"peFPé?SrF?‘ We#g@l%sf’%ﬂég?(gwﬁtgﬁ@w& P L b iﬁsez@iz and
sensor 25dlﬁ:uhthﬂﬂiﬂﬁfaﬁdinbtﬁla§seﬁtkm tireiigptsqgower is not available, controller

operates switch 25({% such that adequate power is supplied with highest
priority to the ess®RtT BFNEIAOBET {5 J0-256rblq ¥ia netfsr SHOWARS Dot steyont 6t hat

required myicess et kakiceht SALdY ada@fiel Sa %é&nﬂ%@ﬁ:%&ﬁgh§ call itll MBYhtdfer %{prl I ed

to the non-essential circuitry 2502 via switch AIter atlve Y,
oper at i onPRSFateIiEhesIP8 apg 26 He suchribatalomer is28puliaay bott esbentialdeitcpitryi h@d

sol ely orgathodlesed avai l abl e, but rather solely by control
signal s szta-nsno %eytyasltggglg{r}?%(% whol Iy or partially independently of the

avai | abl e power. | AVhdne halysemic eaofs ;wwdrridineataimmbtewmhﬁu&emhpmy>25f12 amit he
i m Sensor thec ntroll er aqperates

nonitori r tr 2 Of. fr

switch Zgggsor 2% a }égels Eé ? P ’Cfggﬁo‘ﬂ?{é§ “ﬁbf“’a Sfb[@f grgo W‘é‘?’?méessftﬁ‘{)gtﬂ%si nput
is recei \,sedh diat h@erquité @awehi SUPptiddOvitin gighbst %bhf toztﬁélgss@ﬁm:ﬂ [ Bhit§ ©B36Qr1£2516,
i ndi catln need fo pgratlon of circuitry the controller 2514 :

operates EEROY508°%°8 g&ﬁé@”tﬁ%?hﬁ%ﬁ%ﬂr@#ﬁﬁ 35908 { ¢ @s0p/ailghle, geway bance

with a prs@f;;ﬁfeﬁ@@'tiﬁ'ﬁbﬁ’-@bm} ci?f:m{ri}‘@s@fﬁ%%&cﬂ fyp@ntion,- the power supply
2406 in the enbodi nent of g{p A, the power supply 2436 in the enbodi nent
quat

of Fig. 14B and th¥epaiely.d MSWﬁCh Rél®hp O avpmolic 25K qray I8t ey be
const r ucterhed '56191& ude, glgg)?)p %%@BP Gvaa6E I l1t %’51:9%16‘58)? e{)errgrﬂ ol s%lﬁss Cst an

arrangenent, these power i'es  provi use in
t he case b(ﬁfse@sop@@dérwmli}i Mrpen@ﬁlyamippextdhemy sﬁxbt mlaizlable@bweunst ance They may

al so enabl e inter en tio nodes in.sitpations.where. only
very limted poweiTi n &8 Se“ ﬁ%‘?n"{dt’cé'l O%G%Fhet??émé‘anf’iﬂﬂlt S MOHOS P Aty
Ref er enc @54 onfown aader IsaéFthg cotdifollenbperhted ameahgmsrsakmaz efcfilrpustiaddes not

illust ratl n genment in bqth no operatjon_and reduced power
modes of P ten%ﬁ?ﬁ%“ ¢ Inphtys W&S&g ejties, f{qm the BAgtqrngmircwiryZadf or Arom

%?33'[ ?IGZI @éﬂéﬂﬂ’ 29N APGRABRE a Ge&D ﬂirrc%tara'elﬂh lof ggéﬁtr% ©kba) - thd Q@ﬁtrollgpgglti( gf;éilateé 03)
g. | A) or 2138 (Fi overns the supply of power
sthch 2508 to cause operatmn of c:rcmtry 2300.
In accordance with a preferred embodiment of the present invention, the power
supply 2406 in the embodiment of Fig. 14A, the power supply 2436 in the embodiment of
Fig. 14B and the power supply 2506 in the embodiment of Fig. 15 may be constructed to
include rechargeable energy storage elements. In such an arrangement, these power supplies
provide limited back-up power for use in the case of a power failure or any other suitable
circumstance. They may also enable intermittent operation of LAN nodes in situations where
only very limited power may be transmitted over the communication cabting.
Reference is now made to Fig. 16, which is a generalized flowchart illustrating
power management in both normal operation and reduced power modes of the networks of

Figs. 10A, 10B, 11A and 11B. As seen in Fig. 16, the power management & control unit 2038
(Fig. 10A), 2088 (Fig. 10B), 2133 (Fig. 11A) or 2138 (Fig. 11B) governs the supply of power

68



to at |east sone LAN nodes vi-a the comunications cabling, preferably in
accordance with a predeterm ned functionaHty which is described
her ei nbel ow -with reference to Fig. 17. The power managenent & control unit
2038 (Fl'g, IDA), 2083 (Flg~ 10B), 2133 (Fig. | IA) or 2138 (Fig. | IB)
noni tors and nmanages the power consunption of those LAN nodes. It senses
over cur reatiest botad Lﬁﬁsncﬁi@gv@ftﬁ%&ﬁm%\eﬁrong H:Ib%fé pr%ra%@%%%dr%ge with§ power
managenent & control unit 2038 (Fig. |DA) oB), 2133% Fig. 1
|A) r 2P5geiempiged unci@yliayhish srdgswibien h@‘etnh@ipwawthw rxgmcalﬁy Hower
managenment node oy a, Vol ar 6919 gﬁﬁlﬁ%g@ ffic MR the,node of
operation is sel ectetaa% atr%}he e%ﬁll ne tat LAN"I 2n‘fdl§gtgred &Bt)noiv]\l/ever
i s possilbgel ororidde (kigl &BB) manitoos ﬁ@k@am-asémﬂm@feeatbrtsempt:dmofamosew unt ar y
power n de of tion mana enent control unit
senses ”gg‘%lgtefgla’st g|’§S’8£hn80 rc?rﬁ%lgg FaOgHEN %f\fﬁ/eecﬁs ‘3/\2‘?116:}1l 115 4P r&p”% vé?e power
t ransm ssngameved coheclamimmods ojEugl m cadd (rg 10B), thes LB@@\I neges 2138 (Fsdippl i es
a reduc?g%) anmount o Ieast sonme of the LAN nodes and nay al so
n

provi de T?%Pp%@slﬁgeétggro?“ ”UP BATE BAY FloMaRa8RRIEY Pofe e YANTASRE' S 0 cause

t hem t omapRefbe: Mmodd NRGHHIE d;e@henﬁmrom;ﬁeauoh s Selecy@l MNHALYe RMEKe NRNagement
node ofC%?eratl on, reduce Bower availability is mandated by nanagenment at

cert ai nCHHiEEEd fovexer, Eatipaseiblevpr Jodesrlastian iofakshpiacedhrieaisekends, in order to
save energy cost 0 n a node
Sn Al iRRFuRED OF IR {naﬁ% f ?{to E oy ogl atx Vma[{ﬁz??ég&

of operation, managenent determ nes rec
power AARgEEent] §recontrpl wnif senaes m@rma@ynazﬁlmuffnmnt qomg avaﬂablﬁlesfmrp@we

enbodi nent Al §ePoe 4§ lntum‘é%t%ﬁrs'&bg 0‘% al Ly, d ﬁAw%odgescsruléug xes rx\é]ua

follows. In another enb untar OWer "

oper at i @munt @ﬁwwmnagé&mirﬁonté&ifeﬁaﬁﬂémoaesl a@ﬂﬁiay@lsoqx@hdleadmlnﬁ'ODﬁWgeabr a gi ven
time ang t he f nctlon ent invention treats the
nanagenglrllroontr ARERE %%Xyé‘?g@ t8§a‘5) %Eﬁ PSR AR cegp‘?‘ﬁ'ér B 13 on of

t he preshniary poest n@iheBRyntBodd ¢f dpafatib®) fel\dkd Hotvet MADAYIRL A YnaROMET by
managerrent however, .the threshol ds and responses may differ Reference is
now radBAPREETRST at gertain, hmep, Oflr‘i’ §8G BHEYasUSh &f é‘l‘?flléﬁafl‘%‘fvﬁ%@ilseg‘yordf’bfo suppl y
of el eGhvd émtgy@wer to at least sonme of the LAN nodes in accordance with
the present i1nvention. Followng initialization of hub 2010 (Fig. |0A),
2060 (Fig, 10B) & oppwewbod m&ﬁ%@%mmw@w@mﬂez@@pe{w& |1

A, 2180anbfdnGent 'deJe@ﬁm&@%b&ﬂW@é FRENQShat G0 hﬁgo&&na{%%ﬁak Qt?n o gnpod to :

which it is intend transmt power over comruni cat1 ons ca I ng
| nterr @ga«td&yamlggnot condition responsive embodiment and is not dealt with in detail in the

description which follows.

In another embodiment of a voluntary power management mode of operation,
the management determines a level of available power at a given time and the functionality of
the present invention treats the management-mandated power level as the available power.
The operation of the present invention may be similar to that for involuntary power
management, however, the thresholds and responses may differ.

Reference is now made to Fig. 17, which illustrates a preferred methodology
for supply of electrical power to at least some of the LAN nodes in accordance with the
present invention.

Following initialization of hub 2010 (Fig. 10A), 2060 (Fig. 10B) or power
supply and management subsystem 2130 (Fig. 11A), 2180 (Fig. 11B) the communications
cabling connection to nodes, to which it is intended to transmit power over the

communications cabling, is interrogated.
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Initialization of hub 2010 (Fig. 10A), 2060 (Fig. 10B) or subsystem 2130
(Fig. 11A), 2180 (Fig. JIB) preferably includes automatically actuated
test procedures which ensure proper operation of the elenments of the hub
2010 (Fig. 10A), 2060 (Fig. 10B) or subsystem 2130 (Fig. I IA), 2180 (Fig.

| 1B) conmunicati ormt\mﬂzlan&ﬁ@fa%n%ﬁb (PRI ko £1 abdPfFig J089 of fobGsiehn £, FZ090
(Fig. 10B 2140& or 2190 (Fig. 11B) if present to determ ne

desired opétati*Gngrs pé]r%)nﬁ"teéelf%blbfm‘f]H%esh%mﬁ?“céﬁbs%@g{a@ﬁ] 8 Pregdirep odicand
setting 'érp.su?é“prdlgu Spadi ot %ebééﬁedtg%lfqgé A0 @@% >§Fdf QRL! @OB@QEQ RBSPAREL ers

for each node ing normal operation of the system the various
oper at i oFISYSHR 3R &g 1 bi). éé&h(ﬁi@dblwnm@mmdmﬁ ivad thynagamenoperiasietion

enpl oyi ng, 10A 090 F

S1n0” | R idTDRISHEA ritolds) 0 Bl @ 3940l B e Mle PR K Bt

her ei nbeﬂ&;weci wpgreatad padeteairt ofithd) hubfer mhoatehDd forFeags . nolie 9Ad ameind 8. ad T t he
node bein t at.e S t.erm ned.t o have r-over- LA

char act ef I &t4 cdgi{aa age Igglgfhgssqe epiredy OPF Al PW@E‘F&&?\I\?%&& ‘Ls'eelf%{"é'ynﬁ MEgd t o
whi ch i t opesationto€ Brdagistem, tHervanGut dpeRAORAL p@metérbﬁ;r%@mumh%w@nﬁod@mlu g,

t he SPEAR ararret ers .are set based on the contents of the internal data

base and*} or; Rl the paeeBentEcTh SEEoy 241G s oD AR £FieoHEB), 2HW i ng.
Wher e ap@iQpiAnteco gt plEye signaling nessages are sent to the renote node
and the status of the Ilne connected to the node is reported to the
managenment wor k stl&€iiBierRoyon iyHesciibed hokmyelpwooarenter desilt Wi refenpacet iod
sequentllﬂég YehQhqeagh line of the hub 2110 or subsystem 2130, to which it
is intendéd to transmit power over the conmmunications cabling. Reference
‘is now nade to Fi @ﬁthelﬂdkieaimhg BErrodatedhis tdegemhed rariava pbivovehal AN type

illustr n adi pent of helnterro ation. and. i nit power
suppl y ?c E]!r}]‘ré F%Sﬁg:ﬁ |af]§ 15 %ﬁfsﬂdbﬂ)}éﬁ’a’r"é@ﬂ faghasq #s a g §é‘éﬁ’hi°ﬁ ‘W:\Sdgtenéi“g,&o& 18B,
i ni tial lyenthie poekt @ge tieScorRamibacitnatabliRg BeIEPEAR Qfarankdd@s SREA b adddlod ey

3A), 274 4A) or 374 (Fig 4B) corresponding to_a |ine

to whi cr?"é‘fm §fﬁ’ﬁﬂ'&ﬁﬁléhd3§(%b%3? é?%ﬁ?‘f’efﬁﬁ)ﬁé‘?s%vféirmtt nQASHHAMF CAMMERSALERMS| i ng.
If the &bﬁﬁiguvﬁleré/@ﬁSpr%e tsl?i@abY@éx%ﬁeﬂﬁ:g' rﬁes@éﬁgﬁfe {han t"ﬁe Wﬁ&@%gﬁmﬁe

pr ogr ammabl e threshold line iS classified as having a voltage
present StHECEL W&Hﬂ%ﬁﬁ@%@ #mﬁe &operted tp ghesnaragemer e sakn 3040. not

suppl [ ed thereto gyerodnE ATBL-CAlhaN,EAL] Eeggentprl%tf&eea@tpgffé Y etgpue of

the voltage is not higher e prede ermn grammabl e reshol d
V1, the 2SHEARSUbsYstean 130, o whikd i & inendecroatrsmiigtosvenongdhe pmmgnmma:hnlse
val ue | Ea&xngSPEAR switch 408 (Fig. 5) is turned ON. 70
Reference is now made to Figs. 18A and 18B, which together are a flowchart
illustrating a preferred embodiment of the interrogation and initial power supply functionality
which appears in Fig. 17.
As seen in Figs. 18A & 18B, initially the voltage is measured at the output of
the SPEAR 224 (Fig. 3A), 274 (Fig. 3B), 324 (Fig. 4A) or 374 (Fig 4B) corresponding to a
line to which it is intended to transmit power over the communications cabling. If the absolute
value of the voltage is higher than a predetermined programmable threshold V1, the line is
classified as having a voltage present thereon from an external source. In such a case power is
not supplied thereto over the communications cabling,
If the absolute value of the voltage is not higher than the predetermined
programmable threshold V1, the SPEAR current limit 10 is set to a predetermined
programmable value IL1. SPEAR switch 408 (Fig. 5) is turned ON.
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The voltage and the current at the output of the SPEAR are neasured,
typically at three predeterm ned programmable tinmes T1, T2 and T3. Tines
T1l, T2 and T3 are typically determned by a tinme constant determ ned by

t he inductance of typical NIC transformers and the maxi mumroundtrip DC
resi stance of a maxi mum all owed | ength of conmuni cations cabling between
the hub or subsyst ék§ adlthea anbide cusmpircal Pytpulpf thad PRI afE3nauseedduatalyo 1, 2

and 10 t hiBsehRGARANEd %Hg?arﬁrggﬁg ARty Til:ylpi lTS\(g'Enlfleessflf o 1314 tgﬂgail-rs are
4 nmsec, 8 nsec and 40 cosec, respectively, Based of these neasur nents the
stat us oflclerEnstoiea img aohgartidegrnpenhy ¢ie intludtsnce obnpral B anstdetsraiined. A

typi cal t...Qf t nat ens is set. forth herejnbel ow LOAD VHEN Vout >
Vo AND THE '3&%@8@&%“%@? %F‘%Tét%‘éceﬁf, ¢ rﬁdﬁ“%ﬂﬁl?ﬂegﬁg‘hrgp SRBRTVEHRAS T
WHEN Voutabkny/BetAEh TfuBBSELdsTEeMALUE nOfe I Opitally, 31, FORALE ate dyual®d,i, T3 NI C

LOAD V\HE%}ILFV%%%;I'S < V4 AND THE ABSOLUTE VALUE OF 1OT | <l OT2<l OT3 POL LOAD
WHEN Vouttf it AER RS SRV FISETHAB Vout T35V5 AND THE ABSOLUTE VALUE OF

| OTI > 5 OR THE ABSQLIEE WMAMECOR 1, T2 2h8 BR ard HE nABSOh UREcVAB0ORseOT3>1 5.
where A NO LQAD condition is one in which a node is not connected to the

line. A SHSEAYS{'RCUI T condition is one in which a short circuit exists

across positive anded88aleld/Be LSRRG S his LB lnbrﬂ‘kﬁanggﬁé}[ix\?\%ﬁ@l{ﬂc% gﬁ? node

or in the node. A NIC LOAD condition is one in whic n ace
Card | i rfénpscipdsrrogipmmine. Acopinaored datcroimstionsds set fethatereidbelovode. A POL LOAD

condh {100, 1 ARIECH WG Vipper e o aegiiahotd ppropieciad 2t cos
gispributor for the |i hOR MLITY, &2, (Bedet er m ned programabl e val ue which is
oL 7 DRERE T B ey B RES - peatae LYo 05 VeIt o
is a predeterni ned programmuebFervaliugi Wi aly is arrived at by neasuring the
1 NICLOAD WHEN VoutT3 < V4 AND
THE ABSOLUTE VALUE OF IOT1<IOT2<IOT3
POLLOAD WHEN VoutT1>V5 AND VoutT2>V5 AND VoutT3>V5
AND THE ABSOLUTE VALUE OF IOT1>I5 OR
THE ABSOLUTE VALUE OF 1I0T2>15 OR
THE ABSOLUTE VALUE OF I0T3>15.
where
A NO LOAD condition is one in which a node is not connected to the line.
A SHORT CIRCUIT condition is cne in which a short circuit exists across positive
and negative conductors of the line upstream of the node or in the node.
A NIC LOAD condition is one in which a Network Interface Card line transformer is
connected across the line at the node.
A POL LOAD condition is one in which a Power Over LAN separator is connected
across the line at the node.
VO is the voltage at the output of the power supply distributor for the line.
V1 is a predetermined programmable value which is arrived at by measuring the
highest peak value of voltage Vout for a period of a few minutes when power is not

transmitted along the line;

V2 is a predetermined programmable value which is arrived at by measuring the
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| owest val ue of voltage Vout for a period of a few m nutes when power is

not transmtted along the |ine and when no | oad is connected between +Vout
and -Vout at the output of said power supply distributor for the line; V3
is a predeterm ned progranmmabl e value which is arrived at by neasuring the

hi ghest pleakstvalluseodioligt fage ffalberbarora Rer el wiaf %ﬁ@%@éﬁ@’&%& Jpower

i s not t{ﬁé\strﬁietht gd{@l %ng the |ine and when a resistance 1S connecte
bet ween +Vout " and® AVoNCArodead 1S senriptied 8ftvesn dVpewer -Sappityhdbspei distidr f or

t he |ine;povkr msppay pisedetersnReghpr ogr anmabl e val ue which is preferably
arrived at by asuring the highest Beak value of voltage Vout for a
period of a feWw M ARELHAEIRdpRRERMMEbien i waivn taredkdakiohy ridagurlenmeand

when a ragdiebiapes LVeus en tYout -and -Vout at . the output of
sai d pover: ctpoi o grus R S }Qﬁeﬁp|pi‘c“’>n(‘ge)‘!;[J o i SRFEY ISP rPoTER S not

pr ogr aneBRENEH glopg kg idte andprhss emtssstance yspiooadctddireasdal-Vonabue-vak aMha at
which a ng ] ce ration;, VoutTl is Vout neasured at a
gt 9@&%{) %@#egep%plf/g{%{ﬁ%ﬂtor ?or%gl

first time TI,; nmeasured ™t a second tine T2; VoutT3 is
Vout measur ed Vét is at predetetriimed TogrdBmalsle t ¥iueC WH@N s HEIWaRlg atrivkle, opf put
of the pgﬁgﬁgurﬁjgggg% gi stri bu{ or .faor the Iine, ILlI is the predeterm ned
progr ammabt & VAl te 8P Retkyatus of veliaet Neuliona periadapiiayfew aisttes whempowars t he

line; 12nésrmspitedel@ithat S8R TR Y Y dindhlol 23 d e Aoy,
measuring the %XE m peak val ue of the current %or a period o1& few

m nut es WTSHHYS BOWRstsUPRLY distsibitor & the ey the 1ine and when no load is
connected at Vbhes ppteRbtbrm@fied RONBE | Yii-distributor .for, the Jine;, 13
is a preggt_erm n_edyltgr ogran?m%?% vgﬁug%\%ﬁ?bﬁmfsgre rerve %éutlcagf?hrﬁ%@ Y49 t he
mi ni mum Y Bt ghighfenadgppeat supgly kommanges perdticaf. a few ni nut es when power is

not transm ttegy,ral; t ' when. a resistance is cofnnected between
Vout and -Vout at tlﬂgglgu@%ﬂ{r%;%aaﬁs}%i%mgg{mr supply distributor for the

line, 15 is aYewtédét Bowrimmashrpd atgrsasondbie Fal ue which is arrived at by

measuring th trum peak val ue of .the current 10 for a period of a few
ni nut es V\/nene‘f;%l\[/@zr’(ls’l soﬁﬁeas‘ir?‘gﬁélﬁ@f({%’a iﬁong the line and when no load is

connect ed at IOnie timdupraht ffwihd @ (RONRBut SRR welbShiy UL of £ [ine; |OTI
is 10 maasureiﬂ at time Ti; 1012 is TO neé%ured@gty t1me %‘IZ; réﬁﬁagﬁ'ﬁ
17is the predetermined programmable value of the output of the power supply

distributor for the line: ,

IZ is a predetermined programmable value which is arrived at by measuring the
maximum peak value of the current 10 for a period of 2 few minutes when power is not
transmitted along the line and when no load is connected at the output of the power supply
distributor for the line;

I3 is a predetermined programmable value which is arrived at by measuring the
minimum value of the current 10 for a period of a few minutes when power is not transmitted
along the line and when a resistance is connected between +Vout and -Vout at the output of

.said power supply distributor for the line;

I5 is a predetermined programmable value which is arrived at by measuring the

maximum peak value of the current 10 for a period of a few minutes when power is not

transmitted aiong the line and when no load is connected at the output of the power supply
distributor for the line;

IOTT1 is IO measured at time TI;
10T2 is IO measured at time T2: and
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IOr") is 10 neasured at tine T3. Refercnce is now rnade to Fizas_ 19A -
19D, 20A - 20D, 2 1 A- 2 1 D, 22A - 22D, 23A 23D and 24A - 24D, which
illustrate various functionalities for nonitor-Ing, and nanagi ng power
consunption in accordance with a preferred enbodi nent of the present
invention. MBEITDEI@Ihea@fred Reiifct i Oonaiiti es descri bed herei nbel ow enpl oy
a basic nonitoring. and managi ng techni que which is now described: In
accordance with aglfﬁ' %ﬁeé‘i’eﬂéﬂo‘éﬁﬁgm%m 166 -tIRE. pP&senp. vae?:ﬂt@ GAA NS,
funct i onald LyofioranToni.{ oristg ands TBAAGIG, ROEL, & g%mz@tfop AN e mal
operation includes sensing current on al 1117 nes I's’i's Sfiar

carri ed BHELINE BOYENONaUIBiIopyie| dceordama neith aT{IfTefesremseﬂbodimanenf thlepr(E@ﬂi]Dal’ ed

with pragy I, ferenc ues , for chline. . .

Al ternati ve: y gé/%g d??l%q(;ﬁ]arpfmc?maﬁies deEicgg":’ge rrrgﬂ}b%%“'?é‘ﬁ dlht?ﬁ‘& HFreYed for
t hi purq@dwnagrtgttmmba@wmcbis dw descdivgdar i son, each node is classified as
bei ng over- current, The over-current

9 - cur.rent rmal.,
classification nay haavoe( W%g‘? F%ﬁﬁ W@%’Fe@t G hire SHBas INVERE: 482 hi gh

over - curfmemnionalan dfor eguditanngd \4ed rﬁwagsﬂgtpovJEhecoHQMBi onChiRSS fdeal bpRasi®y have
sub- cIassH(acatlons such as_active node, sicep node, and | ow power node.

The syst®H9es SPEPSRCIVE 1 dbhpsolThine pskraly crried owbdes ganesly faveir as

bei ng  @ARReC The @8sed By f

exceeds a regul ar over rieﬁfrslrsecgkﬂ pgﬁﬁg?ﬂ%{a%@?g ab];(tﬁ ‘Jfg'ga%ﬁe%%feggmg?f %B%Ed
time, p&lesachdinenddtergteely or additignalyafeltage ey bpsedat emdmmphbybd ffieer. thisn any
event t rmt ed Lp ceed the high
over- cuft o8 QF URPbiilol hid AR O8h ROL T H R a URBE R UERITSH  he

pr esent undemegrmeitoe, novraarll Blus ovan{cerrmachlmlﬁcztt}mheﬁiwhm pﬂ@gfaxb&abigfddﬁﬁﬁbbﬁ ween
the regylak, gl‘ée{uc Ent t hreshol d %ﬂd t he hi c;@\éer current threshold and
the aforesald prede T AN Y e T e PP Ut Joe @PTRal clSuECaton gkt i on of
whi ch ohawisob-classificatieds, aieh dshewehoddlssitd Mo adEidw-power kgt em i s operative
to control the Opﬂﬁ‘;’lt' on of nodes classified as being wunder-current in the

fol | owi ng manner DiieR & qPeTRaYs %F%Ft@hg}eto%fagﬂétoéﬁﬁﬁi’ﬁé&“ﬁ‘f 6 28 $RINgwWi ng
det ect i over@tirrait it REefol 6WInE SMnn&O Gethe WIr&H 2Pk GG 81PN eadreg-uigie%vé cagbfcted to

avoi d u&lg ﬁll response to noise, supply of current to such node Is
term na oldn I atalerg| a trsedetsammed e, obavert ip dkascrddbed trdr eff naftrovide t he

overal | pr@&'été@:ﬂhetf HAW Intay @ldnt Oéunten?s%?ﬁ@ostooey £8deAk Ino E ¥ed fon&%eédsthe
nonitored. This nonitorinhg nmay t ace in a cen I'zed manner

al t emat ii“%’él%yeﬁﬁgff@é tiyasheli. dn agnordsnceawooh &t peferok ernlﬁcmnmamu @ﬁltfreepesamad in
the |ing [ I bed her bove. The sensed overal l
current Yi}xlggnggld@nﬁtgﬁwg tﬂ?e%’rg%{‘rj‘nmﬁy beéie éﬁs QWP TPREE RRETH ve.
t he basthresidid ahd sheddgipawer-sument tfhshelﬂtanﬂ ehdATREai S BRfakitrained (RAgRUEHE

1s determined as a function of which of such intermediate thresholds is exceeded.

On

The system is operative to control the operation of nodes classified as being
under-current in the following manner: Within a relatively short predetermined time following
detection of an under-current node, which predetermined time is selected to avoid undesired
response to noise, supply of current to such node is terminated.

In parallel to the functionality described hereinabove, the overall current flow
to all of the nodes over all of the fines is monitored. This monitoring may take place in a
centralized manner or altemmatively may be based on an extrapolation of information received
in the line-by-line monitoring described hereinabove.

The sensed overall current is compared with a programmably predetermined

refercnce value. On the basis of this comparison, the entire power supply and management
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73 subsystem 2180 and the nodes connected thereto are together classified
as being over-current or normal. The over-current classification may have
programuabl y adj ustable thresholds, such as high over-current, and regular
over-current. The system|s operative to control the operation of hubs or
power suppl n enent subsystens classified as being over-current in
the fol |§%‘9 Séeamng%%d;?“%atﬂ? RTE 008’\1/3&?/% ‘ﬁefél?r%f ptecgceaydied 4 BgiE arerowaien |
over - cur erendrutahr Bish oved-chiRen: adladsFRStiod nif eRRL &1 BEARThabll IBust BB ednQigat

| east sone no]gi%ﬁ is either reduced or cut off after the predetermned tine,
In  any BUBAT MBPRECTHASIER) POLIFRRIBHP VI SURBE: permitted to exceed the high
overal | over-currenf syihnesBalakivd B @568F HanGe M r eg, enbgdi ment
of the present invent |yon, va_r9i 01% i_nterned?ggrg%i?fe%hbgloggg&ﬁ%y%gydae"gi ned
bet ween THESPRERI Wwhswstearsatipssdiedrascbeirgmvet-tureshod dheafidiowingemhingh: oveeal |
over - curdenty di-eshRk n I redetermmned tinme to, cut-off is
deternined as a f unct%i(%ra]a %ﬁﬁl\?\ﬁf}%&ggé?uc fltnﬁjéersn%lg]iftéf & 3 AN etramingd
exceeded!mARdET lorblekst spme padaalis eithet cedubel fruncbifanal the yredes@iihdesne. In

her ei nabgye IS operative.to report either contjnuously or
i nterni ?’? %nﬁvle%]q?%é%%:rgfﬂ%lr’ﬁeml &g?t RFTABEFY ' £5P5H @th‘@b@ﬁerﬁ%o‘é’e’&ﬁww t he
entire Hubshold. plawercosiuel witAnd presiagie BRBbdiseRs ¥ R pteBer@ Nn@Ntigh, NMrious

i to the functionality described

noni t ori. syste rther in parallel

her ej nab'gg'é’?gdf%%{&?g‘ﬁ@?ﬁnﬁ% be Bﬁpé}eétbﬁwefl Shefegyianovisplieyentunchethramhelddndg
change it higR ddfalledVer-Skipddk ¥h | Jade 98 -;« 19A,
1913, 19C al%d 19[%, anch are &gﬂig%g? itggﬁﬁé%gce%ﬂgﬁtg%&ch |?}t‘gsc {ra il?lg one
possi bl 8¢KERRhAsHupgonafMhigy ofisucl intermedintel thiesholdsgeexaeded. i n an oo

involuntary power [ he..f | hart. of, Fi.g- 16., Fig, 19A
illustrates a basﬁg‘ﬁgg%ﬁlgiqg%%& Hglgtf’ utFe o rhaﬁi’{\ﬁ%erscr %e%f}l?ﬁeé%b@ﬁcalt?? ?%tem
oper at i Brererativa o repattaaihepomenuaalyagreinenhitientiy aae caaae eevel ¢hssiidaties ef r ed
enbodi f resent, invention. As seen in Fig- 19A the syste
i e Fih flte shi'Be BERRA b B R Rordly 45 Flipasiriont pobas A smeverel
power tmanitering systemr rent |y supplying to all nodes. The relationship
bet ween the current ,total g wer ﬁé)%z%rrptipn (TPQto the current total power
avail abi ity (TPAUThE fhaHzirlitas tiopglityr gegerippd jherejnabeye; Hiensysigm ésal | y
0.8, adeperatamad ndstq’gmsae%roe&ﬁzuﬁ.?bﬁcﬁﬁi% Ebbnbe RAREELTAPSipRK7 ARG:ON @ prioritized
basis. If TPC/ TPA I s greater than typically 0,95 power to individual
nodes is di sconndREEIGSNE- BywomaderioaFigsi dPAL | ¥8d BiGiasd 19D, TRGICHPArE s
equal t&enefalisdde tViRLCaR ) . equ to typically
0. 95, a% [ n_qui_r?fiha&nggéhhéggétga% Beﬁtnggr% SSEM%enkvs%fr%%“déelp?grqﬁ'lhroergmg%\'f\%tﬁna}' Sso,
and a rRISEMIOR AV fihigveluhiayerowsr managdeynens stepiinrtbaflbwclaetodiFvg. 1g. power, the | ower

priority node is P(?é.sfé)zpr}ﬁ&sttr%ges a basic technique useful for full or no functionality

Operation in involuntary power management in accordance with a preferred embodiment of

ot al

the present invention. As seen in Fig. 19A, the system initially determines the total power
available to it as well as the total power that it is currently supplying to all nodes. The
relationship between the current total power consumption (TPC) to the current total power
availability (TPA) is then determined.

IfTPC/TPA is less than typically 0.8, additional nodes are supplied full power
one-Dy-one on a prioritized basis. If TPC/TPA is greater than typically 0.95, power to
individual nodes is disconnected one-by-one on a prioritized basis.

If TPC/TPA is equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inquiry is made as to whether a new node requires power. If so, and a node

having a lower priority is currently receiving power, the lower priority node is disconnected
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74 from power and the higher priority node is connected to power. Fig. 19B
illustrates a techni que useful for full or no functionality operation wth
ernergency override in involuntary power managenent in accordance with a
preferred enbodiment of the present invention. The technique of Fig. 19B

can be u in the ,environment of .the functionality of Fig. 19A. As seen
in Fig. %3%,13 o ﬁ}eansdytg glr% SROLY %Qrfireé?w%or“éleecﬁ%[ﬁtoﬁé)gﬁnfor power at a given
node. In such a cdsg, 19thdlgiryen aneadeaiqus vassi ghedlitdienchfigbesialifyr épetdtioy and
the functionality of Fig. 19A is applied. Once the erraar enc sityation no
onger  eXGEQ T a e BIONT % FP AR o VB ERETER &7 AN N 4 PSSl
priorityeabsiih&e dunet perak iihyendbn Fiige tdBAqoperaties 138ceidbBalsyd iffige 19C
illustrates a technique useful for Ul or no functionality operation having
queue- coRtBMPEY opHiedpratigngliny PhYigl Uit ary power management in accordance
with a preferred gnbpdirngnt;onf t%@ﬁst&ﬁ%éﬁ@ad&ﬁ&@édc?ﬂeed%réﬁﬁé?_atﬁ‘gﬁkxg- 19C,
the systeminitially determnes the total power available to it as well as

t he t ot aPodsoliesich Raese thej gvasuradens pspignediph| yghegt rrévriay Rnchdhgdynctiphdity of

rel ati onshi t r | .. r tJ . .

carrent Ta o BogEret, CaRe S cRbor O BRWEIBRESHIR, LRI |

| ess t hampdeyyrewaicdyo Bs 8suabptdtirtty emiadhe Hodesnatityeo fHig A0karpefatdslac@odiegly.

one- by-one on a queue-,.cantrolled, priorit.ized si s, ically on.a first
cone, first ser veg’g' E‘é)gl @Pstfﬂ?e%%fﬁ‘g 9 %535'“ éfg’f QBF%&?’I @?‘}5‘10 gﬁ' VPEAEY  power
t o i ndi Viatngl quendesitiofed ipsieORNRCIn@Olun@AL pbyeroMen8mantii &cofdad@dwitAsd s. | f
TPC/ TPA i s. equal ,tq or ater than typically 0.8 but |ess than or equal to
typi cal IRfe%frgg?mB?FgfnﬁEfug{ f}‘eﬁge%"d@vﬁ%uoflo%tﬁhé‘f Fig. niéfy: ribrd &7ty diFaY power .

If so, thadmhesdend tal wgﬁlatvﬁlaﬁ)heetobﬁt 1s0RiPfas LR tStHePGwerHingr it jiggu%llltu’st rates

a techni que useful for or no functionality operation on

ti me- shaMPPRYne 9 albpedasz B isksipashimbgtieest the carsnt peralerovrea sagemption (HPC)
accorda 1 r : i resent invention. As seen
in Fig. Qf‘igltg\,/&j{rﬁﬂet%sta@{ogjrﬁ?ha?? ?‘§|]|3 A@?ﬁ gerrfr)r(liertlée@%%eﬁ'e total power available to
it as well as thelffIRGETPHawess themtypicelly 8 8carditamal yodes apphyplied fuld pawvér nodes.
The rel gt L p. between th urr.ent tal po cons tion A TPOQ to0 the
current %t%(%{gg%g%)(%\l}\ear TSI PER lle:&‘t Qn?rgllﬁﬁé %ﬁsés’ttﬁ%\é\ﬁé’e?%ran# r%ac.’mff’fémP Ais

| ess t hamsis. \IPTREITPA . Geatadtlad iypivally 0ddepowdrao Suipidigchdded Is favanected
one-by-one.on a tinme-sharing, prioritized basis, typically on a basis that
t he nodé’nﬁ"gﬁoﬂﬁ("fﬁB“O'Ft&%b@‘%‘durati on of use is cut off first. If TPC TPA
is greater than tymprcarPy iDeffal tP@V@eattithad RBicdilglod birageshirSodéduaiopnect ed
one- by-one ?n a prioritized basis. If TPCT is equal to or great er than
typi cal |t)§p1@51_ ¥ 0153t an ieguiry K appdg @s nggqthqr@ new node requires power. If so, that node 1s

added to the bottom of the queue.

Fig. 19D illustrates a technique useful for full or no functionality operation on
a time-sharing, prioritized basis in involuntary power management in accordance with a
preferred embodiment of the present invention. As seen in Fig. 19D, the system initially
determines the total power available to it as well as the total power that it is currently
suppiying to all nodes. The relationship between the current total power consumption (TPC)
to the current total power availability (TPA) is then determined.

If TPC/TPA is less than typically 0.8, additional nodes are supplied full power
one-by-one on a time-sharing, prioritized basis, typically on a basis that the node having the
longest duration of use is cut off first. If TPC/TPA is greater than typically 0.95, power to
individual nodes is disconnected one-by-one on a prioritized basis.

If TPC/TPA is equal to or greater than typically 0.8 but less than or equal to
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75 typically 0.95, an inquiry is made as to whether a new node requires
power. If so, and a node having a lower priority, in the sense that it has
been receiving power for a longer tine, which is above a predeterm ned
mninmumtime, is currently receiving power, the lower priority node is

di sconnect ed grog%pomer and the hlgher priority node is connected to power,
It is apprcdy® taﬁé‘ﬁq%r‘ﬁﬁap’i/a% to Whethge &ifeIo8e Feqatrest 19een 8e384 Rt ned
in advangeingR idweNAGRy iR e RAMR: HaQ HbEn RUAPHL SHuthSF Sidhgeriths WiRYH De
acconpl i shed by sjignalling along the comunications cabling in a usual

dat a t r anS#HOYE RERE IGg “i“ﬁmhlﬁy“m%t“h@%”%*’G‘Wtr%l"e@mtﬂ‘@f rnelpeﬁeeneeltbf $OofdDW
made to K §soondBAed @9&%0&9%&99}1@%? n\%ﬂ‘cﬂbd@ o} ggclﬂe%rt@hb%&d flowcharts
each illustrating one possible nmec ﬁlsn1for hi uced functionality
operation in an |nﬁckummaﬁyﬂ@bmewnmemégeNEnmﬂsmeptmnthmeO&ﬂbmcﬁhnhﬂbﬁxFlg
16. Fig. , l:1 Us chn| sef ul .f.or_f

functi onal | Célogegg?égzn?%pﬁﬁ$%lunt &?g e“w%ngb%ﬁgﬁt ﬁxgm ﬁﬂ% nce with
a prefer Isgdalbn@(aﬂ]ngﬁhé coofmunidagorpreabieny il Bvendlidanr trﬂcsmssexen hedeFogin 20A, the
system i nj,t |aII 1det rmnes the total power available to it as well as the
total poWel” FHE" i currently supplying to all nodes, The relationship
between the currenRefepingé POMRS neRBSINEE somo(oJP@B t e haﬁdcwm eRthidhOhad

power availability (TPA) is then deternlned I'f TPC/TPA i's |'ess than

typi cal | ﬁe@f%lze%d%ﬁwqhaﬁal eagh gidusteting sensppPesble unechpainmr for ofdl 19y - fﬁdecezﬁin a
prioriti R, r I

i ndi vi dugﬁgtn%g%?s?%eh{tgxu%ﬂ-ﬁ@%%l?tm)g/’-pgﬁlgg(F)n r?Bg&BI relh%%?%ptcl?lzﬁle (%%C?Igrg OPF%E‘T 'C/ TPA
is equal to or gr e@geﬁoﬁhﬁmﬁtmgﬂﬁ)r&@aﬁt yedhn@up yseflilefos ﬁﬁlhanreduce@qﬁlattlctrmhty
typicall i\n nade as. t o whe nod i onal
pOV\E X%Qﬁg)\?lv lnamv e r e u%owe man%%ememi *I‘l aCCOl‘dthﬁCﬁ: \g%'had)ée ﬁﬂa‘?ﬁq dsliﬂs ft
priori tytilesarcaﬂmr mnedty)nr AG esewr rmgﬁgom the tsheerh GavesI1P Géterniifies tlﬁ@dﬁahﬁ@wcrt S

power Ly, ,r educed an gher priority nod rovi de t ower .
B o 2B IE P of & v, s HHePOue R ot PR Do PP B lsuas GGES oHE | ¢y
oper at i ommnhshu;eeemexme)e QMR {ofl® pbied BUMRLMPEGH YTHIOVB thdTBIMAGHE RRAL pdvier
accordance éBreferred enbodi nent of the present invention. The

t echni qu2gedil dTP B tbethdgemifgdd in the environment of the functionality
of Fig. 20A. As seefpCPrrA & 1e§%n weax@y(ﬁé BN GRdA LS NI )1 fiRRd T or
addi tional 2 power at a given node, In Such a case, the given node is

assi gnedoneHy-enegRe St PRerted thasiant TR TPAU fxc ieatenlthany typfcally §.952@mWes to
appl i ed-;, 068t t exists, the prionity of

t he glvéﬁ nodg ?%kggﬁégﬁggx?§§}6H%4ﬁ§}#yﬁg%%£%§{y and the functionality of
Fig. 20A If TPC/TPA. is equal to or greater than typically 0.8 but less than or equal to

typically 0.95, an inquiry is made as to whether a node requires additional power or a new
node requires power. If so, and a node having a lower priority is currently receiving power,
the lower priority node has its power supply reduced and the higher priority node is provided
with power.

Fig. 20B illustrates a technique useful for full or reduced functionality
operation with emergency override in involuntary power management in accordance with a
preferred embodiment of the present invention. The technique of Fig. 20B can be used in the
environment of the functionality of Fig. 20A.

As seen in Fig. 20B, the system senses an emergency need for additional
power at a given node. In such a case, the given node is assigned the highest priority and the
functionality of Fig. 20A is applied. Once the emergency situation no longer exists, the

priority of the given node is returned to its usual priority and the functionality of Fig. 20A
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76 operates accordingly. Fig. 20Cillustrates a technique useful for ful
or reduced functionality operation having queue-controlled priority in

i nvol untary power nanagenent in accordance wth a preferred enbodi nent of
the present invention. As seen in Fig. 20C, the system initially

determ nes the total power available to it as well as the total power that
it is curpemitkyacceuipplyi ng to all nodes. The rel ati onship between the

current total power..co tion (TPC)., .to the current total pawer

avai l ability (TPA) i'& R ST L g miqp H8e TBA L reddite TENAEET |y
0.8, addi tpeonimh motigsyuanecsiipptd pdofewe involuntano de@serafifasipphk iresecagdhdd onal
power one‘-vg -one.on avgju%ue-cor}tgol | ed, _Eri aritized basls, 5 yBiEcaI ly on a
first comBilf PSSt FEgIBRTY OF ¢ PIBEY TREIPSN oo AT Nt I§n*9¢’p alPl§mo. 95,
power t oinktiady dedtaheod asaiippweeduagde QNeadycDREHOMIA pBRkOhiilid ZRarbasi s. | f
TPC/ TPA i s _egqual tﬂ or, gr atgr_than typically 0.8 but less than or _equal to
typi cal | yUBPEES g3 1eges F@er atipH3fup JEVER RSHABY tetaimnreT cerpumpeen 8ddt i onal

POVEr Of @ tieMirrROBE] E@%iaﬁfﬁﬁabHWPA)hJ th&Pdetdrfi@tegnode is added to the
bott om of the queue, |%§ 20D illustrates a techni que useful for full or

reduced functional iff YPCOFer ktlessmhasrivricallyrfbs. sidditiond) nopesi as¢ surpkedp@#Eis i n

i nvol unt afoed QMCEBROAISTR al IHBWACGRLARRGE 0 W Lk rthRObPYLaENL Of
t he preseﬁleinveﬁ?lon. As sgéﬁ Vn ng&ﬂg%tfnﬁ%@ngggggﬁﬁaiH§§F§§P§%Aﬂﬁ

det er mi ne¥piealy anor fitst powe firsveivedbise. ITTRA/TRS inelchtenthar typichldy Q195 power t hat
1t 1S cung efifdidual ﬁg&gliyﬂeg&e? gné{)}-gf.%%%eas I'iO-P?i ed §alsras.tl onshi p between the
current total power consunption ?o the current total power

avail ability (TPA) Ifi 5PG/HBA ideted m negreattf thfiPGHTRRY 0S buedss thmarrtegpilaal |y
0.8, addi

i-onal des _are .supplie r or , nodes are .supplied additional
over - ondHigN o SO LGRS S HRRE REE BRI Phots IaNERs MeduoHBaufT o B
basi s t haibd¢ requinsgewealf wogthzhsode tngiesd todhy BitiofofQhe ¢ige.i s cut of f first- If
TPC/ TPA is greater.t typically 0,95 power _to_individual nodes js
reduced one- by-ope{:'(gnr@Bpr‘l?/LgF?tF? Folfchpgis gse ffOTP@ITP‘AFFgf%CLdﬁ?C“PBaIW
greater tpaatidyfi £amby¥hDing, Hilriti&Sasts R mvolin@AUR wer thandgbRlefidinla¥cRdPee an
inquiry is,mde as to whether a new node requires power or a node requires

addi t i ondfthpbREFeTeds embedimeny of the dEesHEVIRIRItAN| Sheseetpiy Big 20D ithe F¥Me®ense

that it bAgalBeRErmiRS &le\biBlRRNETaIhOE t&it hOREIEAs thk I8al JMVF al # iARPNGIR
predetermned mnipumtine, is currently receivi n? ful'l power, the 1 ower
priority SYRPdEHesal padep chherrelaignshiy berpge e irrgnt tetal pewverrrepsymationi(TPChode i s

pr ovi ded bt GuiRfial pBRECKENARI TTARM: BRHBebAnELYS. 21A 218, 21C and 21D
are generalized flowharts each illustrating one possible nmechanismfor

node initiated sl eéFPRSHRA oplessahirotypically 0.8, additional nodes are supplied power or

nodes are supplied additional power one-by-one on a time-sharing, prioritized basis, typically
on a basis that the node having the longest duration of use is cut off first. If TPC/TPA is
greater than typically 0.95, power to individual nodes is reduced one-by-one on a prioritized
basis.

If TPC/TPA 1s equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inqguiry is made as to whether a new node requires power or a node requires
additional power. If so, and a node having a lower priority, in the sense that it has been
receiving power for a longer time, which is above a predetermined minimum time, is
currently receiving full power, the lower priority node has its power supply reduced and the
higher priority node is provided with power.

Reference is now made to Figs. 21A, 21IB, 21C and 21D are generalized

flowcharts each illustrating one possible mechanism for node initiated sleep mode operation
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77 in a voluntary power managenent step in the flowhart of Fig. 16. Fig.
21A illustrates a situation wherein a node operates in a sleep node as the
result of lack of activity for at |east a predeterm ned anount of tine. As
seen in Fig. 21A, the tinme duration TDI since the fast activity of the

node is measwledarylfowtDmhnaxtesdsed yRhCAbW¥hadt off W geconds or mnutes, in
t he absence of a usgr or, § stem i nput contraindicating sleep node
operation, the node Bher Ht‘g‘éﬁrﬂ?se% SIEYRUGR hEESIN Aoges onTitehitrioy peR 19dq 3Bt ves

subst ant i abhiy of hedbCRE VRO Lt 184U JreiBR S e fbun? bBrihk | ASLEAL €57 81 tyat i on
wherein a . node gperates in a sleep node as the result of Tack of

comuni catPeAuTREPt AP s thealagastetephita s danomatsuofd. Ifi TRl easedsegpicilly Fi g.
21B, the faly®RcsHdkaELOR, [ ni.cation of.the node i
measured. |f TDD exceetg-dé t?}l%:ag%ﬁ%;g% ?%&Oggg%%%s‘“f’&r CIRISE ,Bn$ Ele?;anléoge
absence ofPeEtigBethegiodsykerepparaipuin acdaeprabadi whith ngrsdibepvobde sopendilison,

t he node i sl eep node, which nornally invol ves
[re{aafayad BOSEALESrdallo p Y

substanti a uced power requirenents. Fig. 22C illustrates a situation
wherei n a node operfat €3Biilusrask aefruamiigewhdrein’ £ERRNGRraAR if b Qtep Gk MOkhe SUCH
t hat the rn&%eofilscka%i ve W.thin aﬁggﬂrﬁi odically occurring time slot, absent
an i nput Fromithe S\OrEmisatehior st gagregdgigrmingd pingunt of Emey s sestig fagot s

are def 2B istimé BR&HIDIDMGAR thBCast @FRhNNNG b BB tleSnddehid p&gsﬂéd. EP‘i*PzThe
node determnes .whether it is currently within the tinme sfot TD3. If not,

i.e. duri°KEFeET fecaipqa TPy sspRidat @s minpites; Ha bk edbpenvodd. 2 Fisy. o2 Bipsterh | ingttr at es
a situat icomrWiBERIND AedIOIBIORBLEALSS I I as the result of a

sensed fault conditi on# As segn %1n ’F{I g.%d%D?n%Bh eﬁ%ee%ptgrsﬁ%e& g‘éﬂldf:’ngiec?forns
a sel f - negrallytaeolyes|stbetadinlieeduded pofaer reaemkats. an attenpt to communi cate

with the hub or power nd_managenent. subsystem . If the node passes
the test, it operat Szﬁgﬂﬁ%tﬁ%gfgal?@ﬁ% vﬁ%&%“faafl? PR el 2 SP:FP d‘ﬁfgllgd es in
t he sl eepespoise.to Risfckrconicd, sushnbay thededd & kdte. witdAa RABdic2RCoai@im2fne Whi ch
are generaliz fl.o rts, each illuystrating one, possible mechani smfor
b o peebrt S ah R R e tan or UEnadh. Amsren i Becdlisl e oaes re

oper at i odefired aasvithesnTBE YwiiRVRE BRBRGRMEMAE 1§ ®RBined Qs R FHHOWRRRT dethideh 9-

16. Fig. P’ﬁéﬁelj Lustrates a situation wherein a node operates in a sleep

nmode as Tb &8 FUTegHy walgle B¢ e siel T3 ti§monti o dukng timpy TBét draperted imnount
of tine. the&iegﬁﬁﬂdé_n Fig. 22A, the time duration TDI since the |ast
activity of the node as sensed by the hub or power supply and nanagenent
subsystem i s nmeasuiigd?D flustpresensiveten whgieont hydeofeeatessie aovietp roodendsitbit es,

io;r)]er ;Pieoﬁ,?lﬁt? ﬁg @nsgfé{sgﬁi igé!t? rﬁ%xgﬁtidﬁy SAEseggeL R Lﬁig.cg%,r i’hie”;?éd% al}ei—iggcgillyeggrf&?n%ea
self-test. The self test may be, for example, an attempt to communicate with the hub or power
supply and management subsystem . If the node passes the test, it operates normally. If the
node fails the test, it operates in the sleep mode.

Reference is now made to Figs. 22A, 22B. 22C and 22D, which are
generalized flowcharts each illustrating one possible mechanism for hub or power supply and
management subsystem initiated sleep mode operation in a voluntary power management step
in the flowchart of Fig. 16.

Fig. 22A iltustrates a situation wherein a node operates in a sleep mode as the
result of lack of activity for at least a predetermined amount of time. As seen in Fig. 22A, the
time duration TD1 since the last activity of the node as sensed by the hub or power supply and
management subsystem is measured. If TD1 exceeds typically a few seconds or minutes, in

the absence of a user or system input contraindicating sleep mode operation, the node is then
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78 operated in a sleep node, which normally involves substantially reduced
power requirenents. Fig. 22B illustrates a situation wherein a node is
operated in a sleep node as the result of I|ack of comrunication for at

| east a predeterm ned amount of time. As seen in Fig. 22B, the tine
duration T oce ,t ' I of the node as sensed by the hub
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generalized flowharts each illustrating one possi
no funct i off3YS SyPPIGiShemadsin posordanes with Bepiqsesaidrclothcagtestent step in the

flowchart of Fig. 16, Bh§): Jo |l : at hasi.c.techni que useful for
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it by nanagggersr%ér%t ‘“Z?‘gagg?vg‘ﬁ ]Eu?)n%y?)ﬁwgrcéuc?lpg'a mapaggment, sihsysters feEpPdisilivon
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Reference is now made to Figs. 23A, 23B, 23C and 23D, which are
generalized flowcharts each illustrating one possible mechanism for full or no functionality
Operation in a voluntary power management step in the flowchart of Fig. 16.

Fig. 23A illustrates a basic technique useful for full or no functionality
operation in voluntary power management in accordance with a preferred embodiment of the
present invention. As seen in Fig. 23A, the system initially determines the total power
allocated to it by management at a given time in accordance with a power conservation
program as well as the total power that it is currently supplying to all nodes. The relationship
between the current total power consumption (TPC) to the current total power allocation
{TPL) is then determined.

If TPC/TPL is less than typically 0.8, additional nodes are supplied full power
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79 one-by-one on a prioritized basis. If TPC/TPL is greater than typically
0.95, power to individual nodes is disconnected one-by-one on a
prioritized basis. If TP(-/TPL is equal to or D-eatef than typically 0.8
but less than or equal to typically 0.95 an inquiry is made as to whet her

a new node onefyionesorpawerioritikéd $@sis AArRC/MPOEls aNiNEhn Sy liQNET 0 B i QJ\Lf%rytoi S
ourrently receivi ng epovxﬁ_r, the |ower priority node is di'scohnected rom
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(TPL) is thenlsge}te{g{re-d %gﬁgg;m rfacmtt)é%rhﬁhah]éw%‘?naﬁyé’.f Ii:ﬁg?,és‘%é’ﬁemﬁ AGFSESlR t he
environment of the &f afiogdan@8with drf alERGHTPkmbSdin@ES of NRMpréR mokhtiond 18

addi ti ona .are. supplied ful] power one-by-one on a queue-controll ed,
prioriti Z?ﬁglgﬁ%ﬁgy of {5 @srespey e fayte PoMETTIde 30% Volumane gOWpaBRRAZOMEN

TPC/ TPL i $mgmeadser than typically 0.95, power to individual nodes is

di sconnected one- b?'c.- one.an a Pri oritized basis_If TPC/ TPL is equal to or
greater than typi cafi8 “6Cg!yiates dstechninyg usefubfualullies na fisrtenality Gpeg@ionan
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supplying to all nodes. The relationship between the current total power consumption (TPC)

to the current total power allocation (TPL) is then determined. The technique of Fig. 23C can

be used in the environment of the of Fig. 23A.

I TPC/TPL is less than typically 0.8, additional nodes are supplied full power
one-by-one on a queue-controlled, prioritized basis, typically on a first come, first served
basis. If TPC/TPL is greater than typically 0.95, power to individual nodes is disconnected
one-by-one on a prioritized basis.

If TPC/TPL is equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inquiry is made as to whether a new node requires power. If so, that node is
added to the bottom of the queue.

Fig. 23D illustrates a technique useful for full or no functionality operation on

a time-sharing, priortized basis in voluntary power management in accordance with a
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80 preferred enbodi nent of the present invention. As seen in Fig. 23D, the
systeminitially determnes the total power allocated to it as well as the
total power that it is currently supplying to all nodes. The relationship
bet ween the current total power consunption (TPC) to the current total
pover al}.oeabl @mbbdiRteh: I3 tﬁ@?ﬁs%tlﬁvéﬂigﬁdm The ﬂlepl Nh e faf S)F leth i4ycan
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pr edet erIREREPIRIONiAHIRS-EHaTES, PoTRiRd BRYS yYRieAiofi hbpsisolwirihe pade Payirg the
priorit Xor(%%ﬁiceduréi%ndéﬁ%g Nog6t & sl %W@L@@gremﬁ tlﬁhgt?ﬁEaIBrr b95) fowdragde is
connected to power is appreciated that. normall'y it 1s desirable that

t he nodéndyeidiglfnodesdsldisponnaetochpusebyi-pncsorchptigrgizedhbasike power to be suppli ed
thereto. This may |ISh al.li.n |ons
cabling in a usua fbﬁj(?]%?r Ad Lﬁa‘ll gésjf)o re%%églﬁgrty?:cﬁgﬁé Qrﬁg’t ltr?gsrth(séglrg?éa{’ﬁq

Ref er entgi¢adlyfdF, amthguirg ishingde as24 AvheB¥Ba n%@o&ﬂfkqﬁé@ po\M&r dfis@raad a node

gener al lhzed flonwcharts e @h i1l ﬁft r%t&i Sg one .possi bl e hani sm fO{l {BM | or
reduced aYIRR & A9 BHRFPHY, Jhie 58158 SRESHEAR BS‘(XE“rfofrﬁ hRRE

the f|0YMb@%3.9fed&bﬁmnéc§mthlgm A id blrkahly a8 RARE Ghd BERPbANGyURAE Ul for
full "or reduced functionality opération in voluntary power managerrent in
accor daiclsennpgstes finme pevercand shdughemprorigfnodpés coprastadiie PPWeent i on. As seen
in Fig. 24A the ﬁy§ta§?9el:lgfeﬁ'tﬂ%|1¥orgﬁflf lmsnﬁeilraﬁlg 'l oBAYRE inRrimPE 3 ed !t O
it as well as the tot is currently supplying to all nodes.
The r ehré\tangmsrhrapnhmev\methetﬂwecmm IberﬂUpprtdathemweThm masmmammmp@ﬂm{d) byo the
current totn’in Ql% ocallton T}g’lL{) IS E?Hideterm Og tgchnl que of
Fi g. 24RECAN “%é‘aﬂ C%mE“HE‘caé"r‘i‘@lF‘ hr%eﬁ‘taélf"u a4 ?arﬁméfsmfsrﬂ TP TPEMTPL i s
| ess thatmctgcmahiahﬂoﬂeo 8, additional nodes are supplied full power
one-by-one on a prioritized basi s |f TPC/TPL is greater ically
0.95, power to i | Rfenerudl 1080 &%de stor Eifitc e Ponethy? ‘&fﬁé‘“ﬂn g&pr"i’%&? t4%ed
basi s. %éneﬂi)l@é&r %ﬂc‘ﬁaﬁgl*@kh tiflu@fariBf CHeChodNAD h¥ddhfidh! Yor0 ffll st réRiRed t han
or equal to typically 0.95 an inquiry is made as to whether a new node
requir e@ﬂg@@}ﬁ!lt}@p&ﬁﬂp@m& volpfitaypower management step in the flowchart of Fig. 16.

Fig. 24A illustrates a basic technique useful for full or reduced functionality

operation in voluntary power management in accordance with a preferred embodiment of the

present mvention. As seen in Fig. 24A, the system initially determines the total power
allocated to it as well as the total power that it is currently supplying to all nodes. The
relationship between the current total power consumption (TPC) to the current total power
allocation (TPL) is then determined. The technique of Fig. 24A can be used in the
environment of the of Fig. 23A.

If TPC/TPL is less than typically 0.8, additional nodes are supplied full power
one-by-one on a prioritized basis. If TPC/TPL is greater than typically 0.95, power to
individual nodes is reduced one-by-one on a prioritized basis.

If TPC/TPL is equal to or greater than typically 0.8 but less than or equal to

typically 0.95, an inquiry is made as to whether a new node requires additional power. If so,
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81 and a node having a lower priority is currently receiving power, the

| ower priority node has its power supply reduced and the higher priority
node is provided with additional power. Fig~ 24B illustrates a technique
useU for full or reduced functionality ZD operation wi th emergency
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queue-contﬁﬂithﬁ)gs prioritized basis, typically on a first cone, first
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i ndi vi dual nodes i s Higdd¢@dilumnes by tedheiqan asefidi fori fullzed rbaigks . fuhdtichRE TPL
is equal to or.g.n e reater than.typically 0.8 but less tha .or qual to
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to the current total power allocation (TPL) is then determined. The technique of Fig. 24C can
be used in the environment of the of Fig. 23 A.

If TPC/TPL is less than typically 0.8, additional nodes are supplied additional
power one-by-one on a queue-controlled, prioritized basis, typically on a first come, first
served basis. If TPC/TPL is greater than typically 0.95, power to individual nodes is reduced
one-by-one on 2 prioritized basis.

If TPC/TPL is equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inquiry is made as to whether a new node requires additional power. If so,
that node is added to the bottom of the queue.

Fig. 24D illustrates a technique usefui for full or additional functionality
operation on a time-sharing, prioritized basis in voluntary power management in accordance
with a preferred embodiment of the present invention. As seen in Fig. 24D, the system

mitiaily determines the total power allocated to it as well as the total power that it is currently

supplying to all nodes. The relationship between the current total power consumption (TPC)
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initially determnes the total power allocated to it as well as the total
power that-it is currently supplying to all nodes, The relationship

bet ween the current total power consunption (TPQ 82 to the current total
power allocation (TPL) is then determ ned. The technique of Fig. 24D can
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hi gher priori e is provided with dditional] p N

yet anot hetgplﬁé%f g'%?’e@ ‘39‘58@5 £ %5f° f”ﬁ%‘%ﬁr"e%eé‘hf‘oqeﬁ@ﬂ%e? afflitionahgowssih Hriced

st ruct ur edardabitddethasiig beshe&QIHRFityS @St s B 1Rk b%ﬁﬁﬁé@ihggowg‘%} Y §dro8d and
di stri but !rﬂ% electrical power to network el ements over a data conmunication

network i HRFa%HFt thoue dinrerereraingdimiainngn tieanisiyrentiercevipgifsl power, the
Consol i datibwer Ry néteHat (PP QAN redd@id@ng ﬁg'%gﬂep gﬁérﬂ? Eoc?ev ! rcﬂricfeld Nake
st net wo e g nmen

network serves to sinplify and reduce the co
i nst al | at i ¥ditiona RO%<pr ovi de a neans of supplying uninterrupted or backup

electrical power t i.tical . [ vices, in the event of a .power
failure. Hereinbel 0\(/?67l ?‘gscofjdeag%r‘f@ﬁ% aﬁl&g%earF a?%dsergbno "Het ﬁ’gg*f Hfgﬁﬁmglg‘ﬁ%ﬁgﬁ ng,
del i ver i nghe anfthnaethstgicngeds babling isgabm powerisave systeANfaregeneriating, ndeliagingugddur e
that is prg i i.gned for.  digital, comruni cations purpgses. The

i nvention ?ﬁ%ﬁ%‘ﬁ"éng‘g@a&# Slice ‘8@?‘%8@% PBIPE™S VSt dr H¥ACESp4IERRan pgrgork
conmmuni catinforssruetack wichinraibhilding, @apRaG bitkiphie. VEdoliddgng B5FeB@2riButicinghdot her
rel evant standards. Reference i s now made to Figs. 26A and 26B whi ch

i 11 ust r at &2% HPBRRIGHORs QYT 2 rels netNerk saTVes Ae smeBinand; reduce dhescasyefi nevork

const r uct eibnfend i3RAAIN M@ tb HréledeOs dRBELOMNubRyRe Lﬁi:ﬁér‘?&;ﬁ&doreﬁg&%?ﬂ pR&LcAf the
present invention, wherein a network devices récelve electrical® and

net wor k cERAELTI P nerperk davices byfbe evast ef 2 pomesr fdlbwor k, general |y referenced
3060, conprises a MeN:RBEKO d&%hbmgggang%%n%g@%s o RUBLRE def@ipe P

t el ephone server 3062, other service ovi ders ower vver

manage nenfndiFiepagingeleciingl powenverdrAN gettvodiuinérst8066e thanis pRmkslyeqrsignyd &er ver

3062 servagihP RWniid&! %81%896% Sty Gfvehfor® functions to reduce any possible
disturbances to the data communications and to maintain compatibility with the IEEE 802.3
and other relevant standards.

Reference is now made to Figs. 20A and 26B which illustrate a block diagram

of a typical data communications system constructed and operative in accordance with a
preferred embodiment of the present invention, wherein a network devices receive electrical
and network connectivity over the same cable. The network, generally referenced 3060,
comprises a WAN and/or LAN backbone 3064 that is coupled to an IP telephone server 3062,
other service providers 3061, a power over LAN management unit 3164 and a LAN

bridge/router 3066. An IP telephony server 3062 serves to provide telephone service to a

pluraiity of IP telephones connected to the network 3060. The power over LAN management
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plurality of IP tel ephones connected to the network 3060. The power over
LAN managenent 83 unit 3164, which is described in nore detail hereinbel ow,
provi des adm ni strati Ve and power managenent functions for all the power
over LAN enabl ed devices in the network. Electrical power nay be conbined
w th the dghiaseemupication.signals in. device ternmed a power/data

conbi ner. Th?gor’mi ﬁ%lgﬁpd()e\?\%lrbf %g'f a & %eﬁgrh‘?rgmfi’er]%‘f'i:sﬁ‘ff)’flfi‘écﬁdé\ﬁé?tmt%@ ardipeder AN
cabl i ng, eM§rage@snefjoryo8)ior 4, ths phidd wabl ANGnambd §RiXeE!:S. EIAL LI A 568A or a
simlar cabling standard, a networ kadevi ce that functions to split or
separate the data ffomtHe PPOMTY SEn@mpited il el dafascamipurication sleealnét wor k

port on thésvieviegredangdotvadl eshisingal THROMBbAS nowaPHL, 52ndi h?tr?r?wex{tezj nﬁ%?
ment,  a-power/ data combi ner

connector Qn th gﬁé‘%@g In the preferred enbodi

circuitry 15 88 &% G2tei0sndaf-onbAdkaablinga whpdviesd: OBIAAT O 568 A eF 4 uni t
3168, Alt evimallarvabling $hed2X tafeRdrk dBAWETH, i Ler unit 3168 I

i npl ement ed togihger With a network el eﬁ%ﬁ%&?&ggﬂ%i ar ?{“‘H%Iate&%e gﬂﬁ %85‘ Hfd

referred tR0%45 A etgnat i dnpyoweihe datveork poibionelte diwink awi tiehl 072 pSR&Qs

Simlarly,inpu oL RNRPHILTEL, r/data sphtter is inplenented as a
st andal one exter n:fl% po r/%a?%:%;&rﬁ?? er Unit 3156. Alternativel y, it is

integrated into a né®wurkefeded embodimest, asnob«EPddt@E&ﬂJlﬁléﬂ%ir@Ji%gs }é}g}ggﬁg{te@r

not the pquey/ iner, 3168, and power/data splitter 3
i mpl enent eﬁ§%§ﬁ8§$g%%TaI s?oa“ﬁecﬁ/élf"t&négfﬁl?ﬁ’?r gt ijhltﬁggr ddlisehatively thenerwork

glevu ce, tmewerdducmbbinealnit)ch % ifiplncAted th‘ealeP%Wﬁ%/ngﬁ%Jo?k 819&?%@8%}; 268 1
unction to @iyc%ea%rr?@se a | ow. frequency power signal onto the hig

f Tcquency, Tow POV SHEE ¥ BFiRiAgTald Pewer/datassabineT heb/swith 3072,898@ncy power

signal may have a fS@EUeRCYn chOenB%& , up.,to conventional power
utility frecgé?nci es, i. e?, 50 or 60 F_}H}zahg'lt'ﬂgeﬁjg%}:v\%fal goaltl%tﬁr és‘pi“ilﬁ‘frﬁ?m%‘ﬁ% -
ffincti on¥G WX povpddataowlitterupiteni 69, powentivelygias infdopiidal oS MUrgBk
frequencydeviewupRuerr [dRLAATHANI cation signal Various alternative

enbodi nents of the \%ower over LAN system are shown in Figures 26A and

26B. Not all the nethoikr ol rontripswar/datpcoming\3e68 hAbitalah@ dpiitpt 1 84 bret he

devi ces afgRRMEL QVE N _enabl ed. Conventjonal non-power over LAN network
devi ces %y_ be ‘lgng%lu%egélerﬁlalt %ém‘g THE T8t WOrRIeSTRHRS BbRver neverk Idancantisired

devi ces dyattiomalityt is asimpar eMht polvesdatn @BmBMePL &6k dBNiGRSH ;[lépxii]ﬁgthe a low
| ements that the power over System of

applicatig lpc& t wor k syst / VE!
t he presen%ﬁfn ep%ﬁe(r)ﬁ’gﬁ%{ H’etggg‘ﬁﬁi quer6Y.i [AvIngeer dast coramenientions sighale@he o, i n
general , loarfieqeyslygmer sehamRthaBatiehSercONOe ﬁ%xé Np 1808, ok e
speci fically, LP ar LAN tel ephoné, dih%i tg’l v%e cgrr‘%g‘r%@,ub\}gﬁ"%vgﬂ{é?’&é,
vi deo comPd elhélilﬁ egwctﬁqgrﬁ,,so\ﬂrlé FHes d he ppwver/data splitter 3156 functions to separate
the low frequency power signal from the high frequency, low power data communication
signal,
Various alternative embodiments of the power over LAN system, are shown in
Figures 26A and 26B. Not all the network elements are power over LAN enabled. Not all the
devices are power over LAN enabled. Conventional non-power over LAN network devices
may be included in the same network. The power over LAN enabled devices operate

transparently from non enabled devices.

Typical applications of network systems/elements that the power over LAN
system of the present invention can be applied to include, but are not limited to, in general,
any system or element that is connected to a LAN, and more specifically, IP or LAN
telephony, digital video cameras, Web cameras, video conferencing equipment, wireless LAN

products incorporating transmitters and receivers, portable computers, workstations and
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products incorporating transmtters and receivers, portable conputers,

wor kst ati ons and 84 network printers. Al so included are security system
devi ces such as alarns and sensors that are connected to the network,
remotely controlled Smart Honme devices such as LonWrks or CEBus

conmpati bl e products and all types of traditional data networking equi prent
such asnerRABspringt dHesinclpgen & SCCUBEY Bijesn dideds soth shaargisone SBmS@tSetdiatdew ces

can be %@%E&Qteﬁqﬁﬁﬁc&k%&k I 'tef 9&{%{0%& R 6l ﬁ&%{ g{aaft’f‘ées RS 1f 5%@& LAN

i nfrastructure e nunber’ an of devi ces be "adapted to
recei veCpBueroronaivle produgiNand all |t)me§ @ﬂ Irathmeavleiaxa n@wol‘rkelgaﬂmmmneno{suchpa@mer t he

LAN cab g abl e t fe and ¢ 0 over
UAN systii el ofutd SRR B R B L AR ool P e

t oget hemeﬁbpaﬁmglmwmakpdnemqm theé_.ANfﬁfﬂfﬁrﬁh&renﬁ'ﬂlv\ﬁlﬁrkb@hﬁﬁmﬁie/oﬁﬁwmﬁ | evel

t hrough. the ne and backbon 1t.ch |l ev The po T over N
e e O L R S Ee N Ry e S AN N e o g aRSses

I Nt egr apaekbr kHAIOATL Revinetivenik iedaeiyentesmt Bepak W8 cost €. 9., hubs, switches,
routers, bridges, switches, etc. Some of the devices receive electri cal

power from the AGHREHONEF QLEp AN | YE M ARRRI AR SYSESD A4 SEBUEiems Waat BROSL AN

cabl i ngn{egifa’iéa%ééé&ér% 6y I&%ohﬁ%%?r!éjgﬁéﬁx%& BErwIBBBembRGEYIVE TovAGhRIA POVer
via el ectrical kew se integrated power/data combi ner

hub/ swi the het%@h@mdé@ﬁﬁb@n@ ﬁ‘(ﬁmﬁ leyeAN Tha tposiar eeen LadDgystes1 8, beradded 9o AC mai n
power r 7

power / ddagbél V@éﬁ%@n%ﬁu‘ﬁ?@@?ggg cial%lée;’?rgg ra%é\?\%? tpggﬁ%ﬁséj%% \Ed%h%%’llo rn turn,
S connﬁgziimbstsmt,éﬁésnnjumrpdwiégesys’veitohbeetcr| cal plug 3170. Integrated

power/ dat a conbl t.ch 3090 r.eceives r qver .the LAN cabling

P canl e 2088, A bR P HEeF IR HEC R e HoB) B ACHRSB 7% PeBannect ed
to the dné\l\sbmbﬁ'éod@%/ﬂo@«léf BlerINOHAW @b&n@&ﬁa@txﬁam tthmfbhﬁgé’rcmfﬁr)md@t a.

Net wor k devi ces connected to t agp%:#ﬁégw t.ch 3072 inc ude telngphones

3076, 3BEES Y TRINBATER 125G t ddkgyiseint Y¥E cabl e

3086 anﬂb;smtagg@ize@daeoaoée@ibﬁgajm Sb/AN 1 & 3Ydd, B 28, tr&@wehw%ald Fowéreligphone
3080 is connected to an external power/data splitter 3078 via separate data

cabl e ¢ORELplyEHSRE TABI él%S%Pecﬂ’YéIYpo Paweata cembiger7pnit $18%Hnnect ed
to the rEEéWea%&i&hﬁorﬁQYP% ¥iA itk fir3Qd Z:oﬁMed(i@D&U ﬁ%nﬁ)uwgr RV 2ad data.

Devi ces cou to the Integratéd power/data conbi ner b/ swtch 3090

i.ncl udeﬂl{goﬂt"labIIetegmrqdmo&rerléﬂ@@omhmeﬁ Rul/swieghh¥99 8&d2s pohver peartthdLAN onput er
3096 'Sabl% tDE:cgé)th an external power/data splitter 3094 via a cable 3100
that carti s o a and a power cable 3098. The power/data splitter
3094 i s connect emté@atbih@oﬁHﬂMMcbmﬁn&OﬁﬂbW'ﬂdﬁ3ombl &nd3e9&d tdhate CLAMN i es

bot h p%vﬁge/r%g'ger 98%66[ via a cagl 38%1 cilat ca%rjfgszonll? dgtgn e%c?rlg dg ce% c%gxtl)éc(taed?)t]d()tﬂe
hub/switch 3072 include IP telephones 3076, 3080. IP telephone 3076 is connected by a
combined power/data cable 3086 and integrates a power/data splitter within the phone. IP
telephone 3080 is connected to an external power/data splitter 3078 via separate data cable
3082 and power cable 3084, The power/data splitter 3078 is connected to the hub/switch
3072 via a cable 3077 that carries both power and data.

Devices coupled to the integrated power/data combiner hub/switch 3090
include portable computer 3096 and IP telephone 3102. The portable computer 3096 is
connected to an external power/data splitter 3094 via a cable 3100 that carries only data and a
power cable 3098. The power/data splitter 3094 is connected to the hub/switch 3090 via a
cable 3092 that carries both power and data. IP telephone 3102 is connected by a cable 3104

that cames both power and data and integrates a power/data splitter within the phone. Note

85



that carries both power and data and integrates a power/data splitter

within the phone. Note 85 that the hub/swi tch 3090 conprises an internal

power/data splitter to separate the conbined data conmuni cations signal

and cl ecui cal power signal received &m hub/switch 3072, Conventional LAN

hub/ swi thel tHe0if b/ svichniteot@ehpQed ﬁl&zﬁémﬂwxfeﬁﬂdﬁi@rs 30880 \Lhghratd th@Bdfbined

connecti,on 3734 and to.AC power via electrical 8'310 Net wor k devi ces
A

connect S&* 8RS %HBI}SSWIF&:W AegIFH O s ig ! ff'é?F'é’E% @ mprwighdOdesk- t op

computers 3118,  Badknidhe U@m@m@h&nmaﬁs%@M%H%&%:ﬁ@&&ﬂ?@%L&h 3106
via a cable 3110 that carries only data and to AC power Via electrical

plug 3 § °Ble. conaskiaspd bk apdito: 4F sp@urayia Fearicat @ll@)ﬁh@%t detwodk whdces
hub/ swi n respectivel n AC
s koS85, Howla S Mg 88 2140l 30 LERBERLI 012
communi ¢844 o IBmﬂyp}@abisecoamaﬁectmrthebmwswlm 106 ciped cablet Brloaﬂﬁ&atr&s dhig

S166 colmbale A ESsRER i e ET DR GeEY I B Bonl et anmtetA °

hub/ swi tocthe Bﬁ%wttdﬁtaB 106Sv1@0ﬁﬂ£6ﬁ1?(iabi'&93 NG, 3R redtedti @€ Ginfl 116 U.C Povier B3 30.
The powe r/d a co |ner unit 3168 is connected to a plurality of network
devi ce PWUBRJ 120, 3420IRWeF RSy vi deo camera 3136, |P tel ephone 3142,

3158 and deS k-topy g@ﬁ%ﬁﬂun&%ﬁ@ns &Af Badies Yﬁ&nﬁ&\% ﬁlg bﬁﬁ@é)ﬁ)%tt&%%@tot e

power/data conbiner unit 3168 has a correspondi ng conmruni cations only
connect&mngl fpomict/deta comivkner dalttélé%mm dzaa cumrrmnkaﬁ&stcmly babld AbdG vdrinetts 3128,

Under co i.ghal.s recei
over dgtg % ca%‘?&?{i%ﬂg?re“nqgjslgﬁg ﬁP%YJen mna?qjewhgt? §°3ﬁ3 ﬁsqﬂ%f% %ﬁf’ﬁ){y to
*fidat a cablAC BdGe: vik I&IebhﬁalepylegBlm &h@pa\ﬁér/cfa@d tonitRnerNAWEMER .is Edtfiected to a

"conven |o aI LAN& /switch 3128 is by ass d and the data comruni cati on
si gnal £HPEYr S REHOL Feises Forgrisipg @ ?Fé‘t" videe Samsmntidte dF ttgerhae

power / d;aua, TEshindalesktBh codpeBr 3T4E H@éhwmoﬂce@éheevmﬁ‘&t&wa powdfddtS
connect ed to t he power/data conmbiner 3168 via a cable 3138 that carries
bot h d&PHPHIRE YEweed i & eoepionding 1dpm cemmypicaiiaiseenly soaneativn drom | the
power / C 4 | e
oae, | PouRrail: et ditDs koS gD B AbE 3 ool Mobfr 1ol AR SeatfR D, e
uni t BII%COWmaﬂlaatMngneld rpeaead/ alat date abble 3332 8re Fissdd thrdugh, ER, badgedhone

3158 er.n ower/ dat a tter 3156 a separate
Gats o LanSRBRHL S dhd e STHE O e BRIEEA R0 G Biirh fimayB oy SRR &
conneciledN hmb/tswhedpmmr]é OapaseDari the datd olml&aMbd sigznsl® B fdRtkd DRWEY fdlat a

cabl e 3154 D;(ét op conputer 3150 is connected to the power/data conbi ner
uni t  SEENYPE devigss conpefied i the Powsdiasriopbingsait 3169 and to AC power via

el ectrical plug %&J%eneérkd?éaaglm@o %&%tﬁh 3h4e @e& \é@é&ed?QQOth%agoTQ&/&%pt ed

to provi de backu el ectrical ™ power e event power f ure. One or
nmor e UPSnbiek 31¢%miabe cgileddds that carries both data and power. IP telephone 3142 is

comnected to an external power/data splitter 3140 via separate data cable 3144 and power

cable 3146. The power/data splitter 3140 is connected to the power/data combiner unit 3168
via a combined power/data cable 3148. Similarly, IP telephone 3158 is connected to an
external power/data splitter 3156 via separate data cable 3162 and power cable 3160. The
power/data splitter 3156 is connected to the power/data combmer unit 3168 via a combined
power/data cable 3154. Desktop computer 3150 is connected to the power/data combiner unit
3168 via a data communications only cabie 3152 and to AC power via electrical plug 3172.
As described above, the network 3060 can be adapted to provide backup
electrical power in the event of a power failure. One or more UPS units can be placed

strategically in the network 3060 to provide power to critical network devices that must be
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strategically in the network 3060 to provide power to critical network

devi ces that nmust be 86 powered even in the event of a power failure,

Exanpl es include |IP tel ephones, networked security devices, wirciess LAN
devi oes incor porati ng transmtters and receivers, etc. In the exanple
network si, drn Flg ﬁqes 26A _and 26? the UPS unjt 3171 is connected to AC
power via p&w(éa& PRI SPuGVess 760 2 AN Sh VT Sl e S 45eRkes inplgde [ iispkpnssoneivodieada
combi ner  uBkdrity 3eki6d, WAkIQE 1nat Be\!ﬁ&e}é,1n@H§Br£t§rpsn@dnsHE§r§J£Hdtr%c&@é?s he. phagged in
t he network and/or UPS 3171 can be adapted to su ply electrical power to
mor e t han SSHBPISONEY P Hatie "okl HEES a@ma@é 368, itke URPomttatit’ 1 tin casestedHat AC
distributi ctr.hC bl e
e S R B (it St e
i s more cg368.effieneiivay, tdddmoudriﬁ%ﬁcmmng:aeacb aced initbahetwethwaudior SIRBYL dao its

ded I UP d b
cal i ng_ syecaim PhPobpal S AR PR o BT B 2 i nary

power network. In tHheisewgnktaof toangpover disatbutihg backebetddticabpopenle., i gower
supplied fromthe UPS to those criti cgwnetv\ork el enents that | re.it.

Whi ch powdPTbFBr IR ETANE RPWEE SRR TR T 48 Roints dn g &Ferh oWe?t FANe

event of gnfrdsalibtifeqs GdRe Bt @ﬁéﬁrwgw{aﬁ%hﬁﬁca dg Q&h%%il/n%&&k ‘éfém%hf\ﬁf it
bef or ehand. Conf bﬁuratl on can be perforned locally via a managenment port

or renot e_Fi sdicated URe anaHamenett cioping BUB3 powsn discibuiion enbling S]LWVWNUMR bone
3064. 11 1% drBRLBRn bEaIOh & HBRaifkPBBEL! Aerlbrid N RYSLAMPL pbiE: ANGRCN

|nvent|on I'S he sa ety requi renments an cos T nal
equi prent elsetmt:idepqve‘.d uc sppSed feom the &HSr uoaad:sepmmeal rieswatk s:telmelnui thelt mguirow.
vol t ages er the LAN in ast ture. case of IP tel ep hon

provi di ng" PeukP BTel " ARPHE proTy fevitsr ENSBHGHE RV 4D e, LHr e of

uni nterr ufhﬁl&hﬂ @nm@weﬂﬁgmsd In@Sthe pevetadays i g uliab&Breh&lde hamgaraéioneached to
t he PSTN enjoy .tod The el ectrical power distributed over the LAN can be

del i ver edPEfmsr 19eallpcvisr 2 MamagtReni uBATE P ACTOETY Affedhe manggemes Wilsd164 he

delivery @innbav@fo @Y enn/Healrbiiboid Rgkructure does not interfere wth data
comuni cations signals. The power voltages over the LAN cabling are kept

bel ow 120 V peak anid it iepasiany ormotd that & herteditl of theosrystem afgherprestriinvention is
compat ! Dl it dheWabcl, PRLELYBE BREBEH D AT Jertlingd BnBmBR%ar b dnled GhE 2l s
that the electric ower del1vered over Can“be’ ITansn tted
using oneelmtricmmewsxpiardésmmtcchaa Inwtvhhageabkrer thELhN rmﬁhstnmmmnﬁrcﬂiel apsof IP
requires 2 lgal rs Aa conduct or s) i mpl enent ]g)f e% cabl :h qu’agl ant is
1 AV SosReR RPN RIS AL g BETHE tienlEnebfiate © PEVRRicHHoak.
The el ecturifatrupeme powanubeastor@nsabdi@batsd FdephBRQ @hndc¥M tBfthd PESTMNAFRA
pairs. In EhIS case the power splitter and conbi ner are not
today
The electrical power distributed over the LAN can be delivered either as DC or
low frequency AC voltages. In either case, the delivery of power over the LAN infrastructure
does not interfere with data communications signals. The power voltages over the LAN
cabling are kept below 120 V peak and the current is limited in order to maintain
~ compatibility with safety standards such as UL 60950 and EN 60950.
- Note also that the electrical power delivered over LAN cabling can be
transmitted using one or more spare pairs in the cable. Ethernet communications requires 2
parrs (4 conductors) to implement. If the cabling plant is EIA/TIA 568A compatible and
includes 4 pairs, than 2 pairs remain unused. The electrical power can be transmitted using

one or two of the unused pairs. In this case the power splitter and combiner are not

necessarily needed and direct injection and extraction of power can be implemented.
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necessarily needed and direct injection and extraction of power can be
i npl emented. 97 Alternatively, if the data cable conprises only two pair,
then the electrical power is distributed using one or two of the avail able

pairs, i.e receive and transmt wires. Reference is now made to Fig.
27 whi ch ?*rj'ieﬁﬁsa?‘ﬁﬁltyeéfeéheb|d8@k°ﬁ%1%§f>§ﬁ{16‘¥5 gy piie riadatizenc twbeleetricain powéo s

pl aci ng edstibutahbsipowerorons or thbevdata fa@amunicati.ons. . d.nf rastructure. As
descri bed previousl éf t he power/data conbiner functions, Whet her e
i npl enent ed as an eXCEFTSF 'SCANIRRGNE dig- t2Tomhiaht Blgsateda ilsdk diapein\VoF k

el enent, powevdensol®inet O B8 PhcRleelliGRl RQuer signal and a data
comuni cati.ons signal "o form a%cgn‘gi n%g{n%%oﬁg}vfﬁéjflgj gialE Cemmumnications

descri pt i SR UFol dovssubed piveioexyerthal pposkisldababembiAeioRdS @hether

illustratj B%a0PLE owever, .that the description applies as well
to the i nlltn)g:gﬁE ated enmbo %ﬁ%ﬁ&? & PO TR Wb R AEory e p@ERl fyactions to

r ef er encepnBIBO an chapichlspsvd:i sighal BiEEIREL coinhWhddY sH8ilio f‘cirlnt Qrc-b%% g@d
er 867 The

protecti fcuitry 3.182, a power supply 3184 and aTcontro
line inter "geé"féla%i Sﬁ%‘éh?@‘f %efgfipt@&ﬁﬁ%ti fghewy ugss ghapiiepalgiowendur qoorbirer 2490 and

output  pbndtmtidd 8Baapd. PNAYI HRAWOlhAGR, | (ween all Jnputs and
out put s. %g’e i nput ports 3190 Fecel ve %gf%%r@%?rgqggfgeﬁaalssw?lfé?nﬂl&e ﬁﬁ‘fgr%tfeé]
swi t ch. iRt ports 3188 output a conbined data plus power signal to

connect ed power ovef devi ces., e. q. r/datq splitters or
i nt egrated network el ‘neﬁltggﬁp%éﬁgblg%\hég eé%lyareg%‘?ﬂ?ie‘ﬁgw%ﬁPF’P’gi%d‘qesmE?éﬂ%%ct ed
to a confBRtITERdRLLANrngaAd POIEGE BasieyT 180ba powembipsl Visa ddae; dakA ik

he

ports 31 . | t hough eight data in_ ports aré shown, t
power / datg 28%22%?%?%% "88%-8?%25%%90%@@6@3 oraligaiof inmt ports $19@ agd putpé:,

24, 32_ Poues 3088 emd pronfled RuagerisSiwid L hetaRsh B i ngr, 3180 may or
may not Q;aé((Pe then%larre nunbergéof p(;rts, but_p?@%?%ﬁﬂa?/&? eynlghreemf’ﬂtepg‘%ne.
The powerf/daf °E6ntiheryuHetals &g afhmbcet ewicit.o Thej eaputt patDEI8E obGupaner
to each toAnbiabamgl plud HRWRPWEILAM ijner unit i s, adapted to accept
el ectrical power f_rrc))r% m_c%))r di \r,%%;ny &?P@%E%dpx ho ‘r’efzé%guﬁgéb%g PRcaf& her
pover ovRSWErRtEIREIere @r teagrated matdotkoelernérse.r i bute it to one or more network

devi ce connected t ch_out put el may conprise an Ethernet
channel that carr iieﬁger Eé‘?gfﬂggamg%rﬁﬁg%t Pﬁiﬁzﬂgﬁg‘ﬁa‘f"é‘“%‘?@ 10 BotrEvestiigiehl IsANon| y
or bot h WA/ E¥MrRase Tdub onswinshcyip eetat:Shgoak 3 150, Nb 308 QNS Weh J%!ﬁ data in
power/d o?tsa?s?m%i ner uni t " onprises circuitry that mnimzes an

di st ur bances s oodht e PRI 2 TR carirempEaRanysuppiey 08484 ik potgreectéed t o
a sour c&@4oB2 AThet@bsiticial hudoMesvii i kg 3192

Al ternatjvely, the power can be %gggﬁi gg‘g&?%%%rﬁ%?%g’ﬁSgénv\a}é/r?rar&?%nmcl%i ner
unit. THE AUEpRs ffypogs.1igd prafereblychey tre the sarhele Thbporadd gy comemed ufior t he

3180 functions to inject the DC or AC power to each LAN channel.

The power/data combiner unit 3180 is adapted to accept electrical power from
ordinary building AC power, an UPS or from another power over LAN enabled device and to
distribute it to one or more network device connected thereto. Each output channel may
comprise an Ethernet channe! that carries data communications signals only, power signals
only or both data communications and power signals simuitaneously. The power/data
combiner unit comprises circuitry that minimizes any disturbances to data communications.

The power supply 3184 is connected to a source of AC electrical power via
connector or cable 3192, Alternatively, the power can be received from another power/data
combiner unit. The power supply 3184 functions to provide the energy needed for the

operation of the power/data combiner unit 3180 itself and the total energy needed by the
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operation of the power/data conmbiner unit 3180 itself and the total energy
needed by the 88 renotely powered network devices connected downstream of
the unit 3180. The power supply 3184 is preferably constructed to support
the worst case energy, i.e., maxinmum required by a channel nultiplied by
t he nunber of channels. Alternatively, the power supply . [

const r uct&@AOEY BUHPET t”e%{"qf]é%@Fe%mﬁftegfde%\%?még LE]EEI %‘6“ Sgﬁgé'e ]Zl}?i BY%¥an a

priori  pLedi clik®Ns QfrePAVRT cHRBSHAPLS QRpHYt dhd wolbnAed energherd) hagimand
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supply fromattenuatin comuni cati ons signal and prevents
comuni catédomsn sf goatrscoonnguien bhalreéndfetsom | eaki ng i nt o anot her channel

via the conmon po |y, unjt .3184, .j = pr.ev ; | k.
circuit also func??é%?ﬂgrga%i Ifrf)éﬂfn?%glr?ﬁlg% 7r%§ﬁtéor?§36 ﬁeéﬁp@éﬁ%ﬁlﬁﬁ%&ﬁ@%@

pr oduced dby cBittriualtiafigns spoven pasoplintesupnd atdtrprsparedtyy Gomiighut cuoygpdt. The

i npedance, from the power supply, for high requenci es.. Furt her.functions of
the filt&ircint S3meeiEatitnon) mpafqncs 9@?91&6{?1%? POWe] RTY iR R B cad

avai | abl eohRuBREHbs NI Ld PredbhOoARLRIMibIL AoiiEoRtont Hhaed! howeleakiapr rent
sensing for each wire pair, mninmmand maxi mum current threshol d

r ef er encéntp @gesher, chamisd [vanibe gommonpwes PP e ARE gd Sdetcachievmtapgsstalle  The
capabi l'i ty  of nect | Lsecon ' - haonreal- The
by oum et aSF BEAbLT R 808l 3EAT RESGRE BRI Rk PREREDy SHACHS,

cont r ol | @dwsti supaliesamagenpovidard higt epepdi inpedanct Meom ipd @t atripbh fembigh
confi gur%tei on of the system An inportant function of the circuit 3182 is
that it WP Sconnect a shorted or otherwi se faulty port such that other

oper ati onal channefrgtRf 8inbns F tiRGIRE and PRot€dioh cRblies 1831 fpriselliknithgythe
programed, functions to adm nister_ and cgntrol t he ?pe ation of .th
conponenPeVEi aVAab1e 19eaplbriisRndd 4t acceBirprheith 3 paerietssned Ipeh et SeR ry

functi ong, 40,20 ﬁgi){(,t SiNALmNRRAYE IR SitrbdtYthrelfld GOBlhed Rkl URSAARES ok O

comuni cate with a managenment unit connected either locally or renotely via
t he net wourkent l€fhegecdstection het theenapdttiléty orfl doneeatindiahi ciscPEnecHig PABCIHOWEIM bei ng

i Stri DULed chnrBR CHheShANNGY g0 Shillunl MIFLL AREHERGERARCE IbN Sy ARANL g Such
as repor ting On t he' “poner consuired by each  channél, any chanrel fail ures
and any taitfolle®siaw jnldagemhde upnweptrdateace drebimpéamenrition iand ebhfiguraticnhef the

i ntegrated enbodi ment, the power/data copdhiner unit .functionali i

|t oqr at SEThC AL GG CLAR CoHeniP U Kt b EEGREn e 854 oo
100 or 1Q@6~RBasedity poth@ich Hagbiiad oRAMBhal AR Y5 2F ndthtgfebied. is nodified to
support the increased |oad of the normal hub operation and. the A’em)t

pover feeding functheestroligr Bil e spiabby pepesarpmeds JpRctipds oadEipistgr and contro

the operation of the components within the power/data combiner 3180 and to provide
telemetry functions to an external management entity. The controller functions to
commumnicate with a2 management unit connected either locally or remotely via the network.
The controller permits online modification of the power being distributed to each channel.
Other functions include status reporting such as reporting on the power consumed by each
channel, any channel failures and any failures within the power/data combiner unit itseif.

In the integrated embodiment, the power/data combiner unit functionality is
integrated into a conventional LAN connectivity hub or switch, e.g., 10, 100 or 1000 BaseT.
The internal power supply of the hub is modified to support the increased load of the normal
hub operation and the remote power feeding functions. A line interface circuit is inserted

between the output port and the internal networking circuitry of the hub. In addition, the
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bet ween the output port and the internal networking circuitry of the hub.

In addition, the 89 filtering and protection circuitry is added to couple

the line interface circuitry to the power supply. Each of the standard LAN

ports is replaced with a conbined data plus power port. This integrated

enbodi ment serves to reduce overall system cost, reduce the space required

and r eduddiriBeangdormpiossion yirafitry readiet wordkupit thel RS int&eidh tReuilFPWE VRS power

nodi fi CatSH&E'IVOfE H O%qgé/%nt ag@glf%\pub or SW’ét ch. . In either the external or

i nt egr at ed” efbodi ments. “fHe BRIhE FREeiVEEh ByconHnedpyisikplug apwet pabi ner

i s bidirédtd onedratet ansihemiee sérbé&rﬁoe&@ﬁcecm%ﬂysieﬂp%sttr%dliictesthg %JC%%? uQL?siﬁng
port: e

channel ou%pu . The power is injected into each channel output
A8 TEdiReS hoRempisr

amount o Poof die tetveakh Jbuloputequitanheweveanmbéifiseton of a

i ndependedtdahtiohd] A kAR, each output channel is self protected against
short circuit and overl|load conditions. Further, in connection with the
external power/ dat dn ebhsithrercendi odimregrated etnhodiagdist theniala e BEi+<E 15aMe

opt i onal i AL nput  LAN port _.and an output LAN. port can be
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t oget her chanfibleowtpmv €fitel mvak idiafectsd 15w daeh chéan%le&tph@pc}rb eTl?éJ&H{a(ﬁné lc/f‘!}!ugiﬁrt put
S

port. The inrpiﬁﬂ LAN port is connected to the upstream networ evi ce,
e.g., hub®% %e€Ho qarh PHPUE glaTnelofambe seieindepeadéntlye, Int hdslippmyentid atitput

GOl ner ctanhd! 1dbaP ARG shaR oAl Ry LB RLTs and directs | the

data communi cations from the i nput port  direé 0 one or nore out put
channel s. Thus, bbBethedainacamectpaweith cihatextemial Yol dith Qbibaft: i dhidamayent

t he upst or.. switch js not operagtional. Reference is now nade
to Fig. 62‘8Ej %ﬁ??‘c a% ##%sffoiﬁét%%o “%F@%Ee Bf‘lé(&i%gngafm@“ Liheert @ad an eptput LN uni t-
for sepdrat tagbe pastdddcmhergOV@Irirer ﬁlifh{ah@pgﬁ{ti(ﬁl, @W’g&ﬁ& Lr%rbﬁidtged togeth

infrastructure. As described previously, the power/data splitter HCti ons
to accept “aOPXRIICBALRIDAT suftch tsdfed wisuthe Pttt bANdusmt potth Thoweut BAN part &
Si mul t aneansted &Y &le & &reSAMRACAR! &y el d to separate the two signals
into a power signal aér}grea data si gﬁgei g’%ﬁt}ﬁ)ﬁtq{eés%*é&zﬁ' grif}iltdge gregt Oﬁeﬂo‘ger
f or war dd#l4re, thp@ouer/duh sembistworikdismnness tHEfigput wad oufpRtILABI g8 ShdCdrects

one for data and one for

conpri s ate capl e connecti,qns, i.e.

pOV\nEr. %%%&%Stcg’ﬁg‘g%ﬁ‘%%S%snﬁ%@ttﬁ% H’p%méeﬁa@ egtlys i PREPTImPTENP W R aCheRBelR |

dedi cat gdhuf,orotblaiam seipomirc@ntiNg: arthgoPEYen ol 9@0&%@9%&?%3%}0
e

drive the. E)o'wer | oads with power extracted fromthe conbi ne I nput .
pover | dAF% gmr}qtpg?rat,: tions to isolate the input voltage fromthe output

Convert the | nput “arrase: h maer oF nor v o guERREI ook M tpial® |

speci f i BoOVerdatz esplitiers uoft fohesepdratimh etbcnehivpolver dBdth e data communications
infrastructure. As described previously, the power/data splitter functions to accept a LAN
channel at its input that carries both power and data simultaneously over the same cable wires
and to separate the two signals into a power signal and a data signal. Both these signals are
then forwarded to the attached network device. The two output signals can comprise two
scparate cable connections, i.e., one for data and one for power. The data cable connection
behaves as a standard LAN data channel! dedicated for data communications. The power
cable connection serves to drive the power loads with power extracted from the combined
mnput. The power/data splitter functions to isolate the input voltage from the output voltage.

In addition, an AC/DC or DC/DC voltage converter can be used to convert the input voltage

to one or more voltage levels to meet the specific requirements of the attached network

device.
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90 The power/data splitter, generally referenced 3200, conprises |line
inter-face circuitry 3202, Filtering and protection circuitry 3206, a
power converter 3208 and a controller 3204. The splitter '3200 is normally
connected between the LAN wall outlet receptacle, for exanple, and the
network device. FunghL %@Jewatatspﬁngo A3 ReP@lcld b8 %891@”%4&%%%&&
frequency signals from'passin rou power resenting a
hi gh i npedanoey 3862, Hiltghng argqpr@rmlmglrcaltlryoiﬂ@éIa)w\ﬁarequarwmﬁdnmcmmlﬁr
signal s tq,pas h, duction W firequ ise from
t he power c@ﬁvzp? él:r’%eﬁﬁu@?is notr hjéla?n“‘c:(r:][ %ﬁnee i %ne 4}9w3 i 91 F cpetacgl rfgfu try
3202 conpeis@deaardatha fabuskpdavete. |]F1pmtxormuytth32plﬁrer/and sﬂltcbat:azoowmmlmgtl ons
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3214. The Fﬁl‘H?é‘CY Aigasls Soa gsiggit ?’0‘%‘3 PREET HERI ) é’“‘é?rijﬁ‘él MESBWBE i\
channel RItRY:CR s, hilQ)'WSQ@ﬁfS&thHc?rahﬂgDG BoR&! B rhls YN PhGteFAEH and blocks
bidirecti onafg transport of the data communication signal formthe data

pl us powefCndypiRr efdigh Boeneonaifferemths ReMey cBERHHENDYbCtthe datg phanpple
filtering and prote o) ween
the data plus pomer?}itlén% ﬁi%)%%% gg%uégf%z Jo?dﬂrr]iggstsa B%{VP ﬁg%gg\%\lfeip&)g%%d\}g%?g
3208. Theapbawdata comnmachMnsaﬁmﬁoapotem@mﬁe The lekagptedepotrea ct @dpitromrpower LAN
channel functions Lo conve it nor.e out t VO e
poverconBaPreRTeSHE° i EEHFbee diruid RS R i Dbl g L B8 Sl Ly
dependi ngarmnpﬁo%ﬁieyoﬁg}ag@semterrmgt@dp&qh@mnﬁhmrlbeﬁl\bﬁhadﬁaﬂdl trabRfort RAVRE data
converter can be adapted_to generate any nunber of voltages in accordance

with the C%%E‘i“ﬁ‘k?“rs&jﬁ‘ foemeie 2P sROSEIMRYF ROHei0de the fair KBl FWPYiHert
power / dat gpgpl itter 3200. The controller 3204, suitably programmed,
functions to administer and control the operation of the conponents within
t he power/ dat a spl i ThecfiteB@@nd prptesiop ciowiitde 3266 IUn’etier)}Ome&ﬁcﬁit%ng hepvenn

ext er nal O\Sé}t 1%:%;}4 epo}ﬂ?? fbot'attflé)}rlyg{ of Hl@ {@onrvgrtéi'oﬁﬂﬂm ’fﬁé with a

managenent uni t nect e via't het wor k.~ her
opti onal cdnuemﬁrBaﬂS atdepts uickevdtagt wstracegdtdm rig Ismmhhamelrzaﬂcfnnwtn@s onm cmtwrcpomer
consuned .b¥ each channel Iaaﬁ%y cggnnel fail ureﬁ%@%d any fail urmthi n the
pover / dat’a ‘%P9 95 TBPTe| QUERYE polfages hd IF RPRYrepEtes e TP Fafa
splitter Homt ivenadel dovivérter idep&alimt &fltheival eae:@ﬁBt\é@Iﬁmema|Lmtdm1‘nkeldthece
e.g., IP or LAN tel ephone, portable or des nput er.. The networﬁﬁ

devi ce |qumwpp‘@ate'fsarr%Mw&dttﬁegee@ﬁﬂs.aﬁbauwemf/w&e%ﬁssw@ﬁ%ﬂr aneg Vith isdar d

LAN port 20dsPeulireROil oAhE nbSRREEA: a&eat&%}gb@@rﬂi f3An Bl #mopower port.

Aline interface circuit iIs |nserte bet ween e I nput port and the
i nternal network ddtha camdolboﬁé% |sn1t4b¢br Iﬂfogﬂammeddﬁlmttmnmto ammfatfrrta@ﬁlcn@ff%lnd

Phe. poverts SRt et Snitabi ol CRBuRslchFe WG 50 TG Brhdsilebfef °
syst em cdBhctiohe ehuseexternal management entity. The controller functions to communicate with a
| management unit connected either locaily or remotely via the network. Other optional
functions include status reporting such as reporting on the power consumed by each channel,

any channel failures and any failures within the power/data splitter itself.
In the integrated embodiment, the power/data splitter functionality is integrated
into a conventional network device, e.g., IP or LAN telephone, portable or desktop computer.
The network device is modified to receive the combined power/data signal. The standard
LAN port and power port are replaced with a combined data plus power port. A line interface
circuit is inserted between the input port and the internal network data and power in port. In

addition, the filtering and protection circuitry is added to couple the line interface circuitry to

the power supply. This integrated embodiment serves to reduce overall system cost, reduce
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91 the space required and reduces the conplexity of the network. It

requi res, however, nodification of a conventional network device. It would
be inefficient in terns of conplexity and cost to construct a power
delivery and distribution network assum ng that each network port and node
si mul t angousl consupes  the maxj mum al | ocat ed out put power. |In addition,
such a pgﬁbﬁ1%5Hﬁ%?$@ﬂgﬁ?d'SF?%é*?‘@F@HFéyﬁHhéﬁ ngHetd. enlécleguirasy dovwehe, dat a

net wor k adifwatbitlof DEGRehithalis@well &RRei al  cabling that is non standard
for common LAN installations. Further, the equipnent used to i nplenent

such a power netwolkvwdibg indEeicn Rekynestewtplerty thivasato andupowepower
Spect | oalhenPu Rl aist RN duBIALNG SNl SERLNTE WOk e ABefieRl "o

to hold stackable sw tches, routers and vari Yk
managenesnsymes e mesmutd alpehted oatfuaipbute O BRGHRRARE §oSME RetQQHE RIFRIAL -

Ther ef or t he power oyer, LAN ,system of the present invention may utilize
in the ‘@%er%%F?eﬁfc%tl?‘}d*ﬁefo}é"?*ﬁ%e%g%v%’ T ﬁ&%&? RSMe 8¢ atoukt fased tisaiseetigediat
i ndi cat ecablify expRCARUsIRAINRT for GBRSISIRE AQNNGHildRgs ( R ier iR eqﬂgﬁﬁf&g IﬁSfid o

a building

operatiagn :fmd during (2) energency OEgratl onin the event o

power f M 0t THEN ni rRgyeRerRiveRk oBle mqski liehe <x6s) tenphdarmels agdf paveare
that ma ver -connect.ed to t.he netwrk. . The
rranagemgsr%)? é‘iﬁﬁﬁoﬁ u%?%%agg%%%%ﬁ{#u%%gﬁg&t g%be”ﬁ%tf rvmhjhcf’“r ?:o‘ﬁ%gBFd i B(Plﬂat ion
to the ptaskebloters, EwitchesMporsning vasows typespiwerv iR niang ek nd @hSs, 28Iting in
splatters ihﬁjri Stri but ed, t hroughout the network. The data conmunications

net wor k 4 FEEFFO PRt IR e s sages  bet ween t he power over LAN

enabl ed devi ces amhefdfisrc BB IGREENr AN sys@ﬂ?om?}ﬂ&gﬁnﬁvé{?kﬁ APV IS,

moni toring and provisioning functions. The provisioning functi‘on allocates
the avaitPaHnetrpsige of theseives sgrworkn thewiatistiod pgtierss tanmdicatecthn espuotdd [atea
traffic Bging:IR3AY t nfigure.th ower path across the
net wor k f rgﬂgjslour ceﬁgg) g{&ﬂ?@%{&}{;@# \/?%F %gglaﬁllg&lnfi%rtl Il”ga&&‘i FECRBY 8p‘?r6tl%’t“e‘ﬁ‘?ﬁ ne

t he systwens ofrebhibding powbefaidreng t hose network ports that indicate no-load,

overload or curre | eakage to .e h,_grou The _power to a faulty port
can be shut down E‘Le MaAfg et ‘8“5%5@ ?gé'ﬁe %i@m%EﬁWF bRy Segute down
state can £ 20t ofBkher LRRAGIQAN (PARE feRK! | %eo{naﬁ%@mggt %Eeﬁ}?{%ﬂ&&' by -

Each port can, be configured individually in accordance with system setup
conf i guFAPRERICaRdeiEmery tand LontreloEarmgtion te debpereer @an LN components,exgf o be

Ty conpy Y SRRRE OB dind) AL S B R R DU RE T SRR
seri al / gemabhigitione metworg dtstifnmntpora the duarketasds besyhee thyaler over LAN,
transt eénséb}egl c%rvr'ﬁ:tesr ¥nd't de r(r:1(e-i)lglzitggar?ilentdL?ntxtF.Jl Ifl?e trnﬁﬁa&%&evt\gzgit IﬁéoNv"fdes monitoring and
provisioning functions. The provisioning function allocates the available power resources, in
an analogous manner to network data traffic being managed, and serves to configure the
power path across the network from source to sink.

A network administrator is able to determine the systems method for ﬁandling
those network ports that indicate no-load, overload or current leakage to earth ground. The
power to a faulty port can be shut down or limited to a desired value. Recovery from a shut
down state can be automatic based on port condition or can be done manually. Each port can
be configured individually in accordance with system setup configuration.

Note that each power/data combiner can be constructed to be managed
independently or via external control. Each power/data combiner may comprise a dedicated

LLAN data connection or it may comprise serial/parallel communications to a network host

system that, in turn, transfers telemetry and control data to the network LAN.
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92 In the event of a building power failure, certain network devices and
nodes, e.g-, hubs, routers, bridges, switches, etc., nay need to be
bypassed in order to maintain data and power continuity between critical
network nodes, term nals and devices. The electrical power that is
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wher ei n nsilirdit@bDbye twhattpp Ibyerspmﬁgtﬁzir@mHoSvmﬂrc&tstMﬁedtkferéinmw Rak&Tthé ecopk

| east o & of the |l ocal ,are %vvork nodes vja the comuni ct;atl on cabling

over Wi Pg € present invention mclu es both combinations and sub-combinations of various features
described hereinabove as well as modifications and wvariations thereof which would occur to

persons skilled in the art and which are not in the prior art.
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pairs within the cabling not used for data communication, said power supply
subsystem bei ng operative to couple power into the comrunication cabling
substantially without interfering with data communi cation and including
current limting circuitry controlling current delivered into the

comuni cation cabling, wherein said power managenent and control unit is
operative to interrogate at |east one node to which it is intended to
transmt power over the connunicatigﬂ#%mﬂgling in order to determ ne

whet her the node's characteristics t to receive power over the
conmmuni cation cabling. 2. A network according to claim1 wherein said
current limting circuitry is operative to provide a first current limt
| evel whithA lecalsarea netwerkdeamprsioga second current linit level which is

not exceede . n redeterm ned period of tine. 3. A network
accordi ng tg%\?'%’i“ﬁ?@qﬁé%raaé?%nteﬁ%o%ﬂ ogation of at |east one node
i ncl udes neadlAN sgitthe vol tage across the communi cati on cabling connected

94 to a node which is being interrogated and determ ni ng whet her the
neasured v&IRONRF SUPPlY shsystemyaitbf i ned range. 4. A network according to

o adot or m negmdhiGAth Eabibaihd GRS iR QY halE 1S s M B
accordi ng to cdhaipowrsuppli subsyetormf@rprodidingodatalcommbigirRatiogne node
i ncl udes negsuring the vol Ligg?et acr oss_the conmuni cati on cabling connected

to a node WHISROWET BPRfY su BEFIPBLACREINGA RAVES THARASRIMARE2 M EORtRR! Uitisur ed
o exCeati arA b SIAFYy LIGHTE e S U AR 00 € 21

5 wherein a node for rage exceeds sal d” predeterm ned
threshol d i s rarekeghasrkamdest da tizé comoturigatidrecablinde. 7. A network
according to claiml where interr.ogati n of at | east one no

in th | d
i ncl udes HeelEl Frly W}‘@e(/ﬁwl?@éjeg y3'ed i$,0pe niOcSHRRYY: PO Hgatclgg%ct ed
to a nodenthotthé $od%¢id"|*éaid’ét\%ﬂ@ﬁé&@@v?é‘%Aéj%bﬁﬁﬁ&ﬁib%ﬁM&ﬁb| ol/BE wirasur ed

voltage is within a predefined range. 8. network according to claim?7
wher ei n Paisauthiatheeabling net uaesskfor data eenmgdcationwi t hi n t he predet er mi ned
range is marked as a Power over LAN

said power supply subsystem being operative to couple power into the

communication cabling substantially without interfering with data communication
and including current limiting circuitry controlling current delivered into the
communication cabling,

wherein said power management and control unit is operative to interrogate at
least one node to which it is intended to transmit power over the communication
cabling in order to determine whether the node’s characteristics allow it to
receive power over the communication cabling.

2. A network according to claim 1 wherein said current limiting circuitry is
operative to provide a first current limit level which is never exceeded, and a
second current limit level which is not exceeded for more than a
predetermined period of time.

3. A network according to claim 2 wherein the interrogation of at least one node
includes measuring the voltage across the communication cabling connected
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node. 9. A network according to claim1l wherein the interrogation of at

| east one node includes measuring the voltage across the comunication
cabling connected to a node which is being interrogated and determ ning
whet her the nmeasured voltage exceeds a predetermi ned threshold. 95 10. A
network according to claim9 wherein a node for which the neasured voltage
exceeds said predeterm ned threshold is marked as an external voltage fed

de. 11. A .di t | ai . the | I networ k al so
Compr i 5i ng: 8o e PEERE pifhe Resitfialod spur e Fifing Wit E mesuic:
pertaini ng woltadeisswhhina pledefihed eagde.one of the plurality of nodes. 12. A
network according to claim 11l wherein said report includes a report of at

| east one characteristic of at |east one node fromanong the plurality of

nodes. 134Aan PN cl gi .wher ei_n id. at }east one

char acter‘i"s |§E“@%ﬁp$§§d§éﬁi' n%l tﬁ%’"@a? [ ‘rg}r}é%efm paO\f\)Z’ldecfz)is‘ﬁ%bitgﬁ B}eagyref%ast

one node fr eoltagenimevithive thd preddtéyminbdnenge.isIarked as a Power over LAN
node.

5. A network according to claim 2 wherein the interrogation of at least one node
includes measuring the voltage across the communication cabling connected
to a node which is being interrogated and determining whether the measured
voltage exceeds a predetermined threshold.

6. A network according to claim 5 wherein a node for which the measured
voltage exceeds said predetermined threshold is marked as an external
voltage fed node.

7. 'A network according to claim 1 wherein the interrogation of at least one node
includes measuring the voltage across the communication cabling connected
to a node which is being interrogated and determining whether the measured
voltage is within a predefined range.

8. A network according to claim 7 wherein a node for which the measured
voltage is within the predetermined range is marked as a Power over LAN
node.

8. A network according to claim 1 wherein the interrogation of at least one node
includes measuring the voltage across the communication cabling connected
to a node which is being interrogated and determining whether the measured
voltage exceeds a predetermined threshold.
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10.A network according to claim 9 wherein a node for which the measured
voltage exceeds said predetermined threshold is marked as an external
voltage fed node.

11.A network according to claim 1, the local area network also comprising: a

reporting functionality operative to output a report pertaining fo the status of
at least one of the plurality of nodes.

12.A network according to claim 11 wherein said report includes a report of at

least one characteristic of at least one node from among the plurality of
nodes.

13.A network according to claim 12 wherein said at least one characteristic
comprises an indication of power consumption of at least one node from
among the plurality of nodes.
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