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FIELD OF THE | NVENTI ON The present invention relates to structured.tablil3g
systems and mare particularly to structured cabling systens used in | ocal
area GROUND OF THE I NVENTION Structured cabling systens are
wel | MMW) e I NIMPROVED iSTRUCTURESABIING §YSBBMN systens provide a
st an fl-exible platformfor a dynam c communi cati ons
envi ronne‘ﬁ’?002 Typi cal l'y strugisy g cebtingreystes enpl oy tw sted copper
pairs which are installed in accordance with predetermned criteria.
Structured cabl i ngT@y%@ﬁ%f arrvenfe@h\rehtqsmralﬂtvcenqﬂ cypeling srstered ephomere dat a
communi ¢ u-\lrﬁ11 ccess control
appl i Cat%{ﬁgﬁé rre }edaé e |n %ggﬁg&?gﬁr&gifﬁg}aﬁ% Et hernet Local Area
Net wor ks (LANs) and Wde Ar ea Networks (WANs) is constructed to carry and
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SWi t chggeee bri dges,Struoutred Scabiing esysemsectre owekqlinpwentyr wae i ousndiedtionals t hat

are equi wor k I nterface Ca Y eskt op
hcs, o REET s Q" Siterk WV ES T hldlntd Wit s B Pradifte B e SRS

devi ces dmmmxmaatrommmronmmngryq)tdaﬂy stikongs catiliagt ﬂr;etentshayplagllwrs&dmopger

el ectrical po in. or%r to ch at e. %{eg cas t he e#ectrrcg1

Consunn Gy THEL AhdoiaB s RElRr ey » e GTHEGE oS oS or
by AC pa\ymmsumobmedn{idmmaen@wyea M?ItblblbbbneTﬂdaWonﬁﬂlﬁﬁyanﬂﬁi Ve rieliehs Farnt
device that is not self energized, i ., includes an internal or external

bat t er y, 2FEGuUICTELY 40¢ BrREen ‘nlaPBn%?“QB%rce of electrical power in addition

to one or nore netQWarektlE AR IRFhdtAIREire MARINERGUEth@HB L ocafl ARQINWRRkEEVAIGES tO
connect t \91 source_of electrical power conplicates installation and nakes
s

it nore 20Bsti%. Alea Negwpis SWANY 15 Fﬁ?sﬁ%lcfeﬁéolcéﬁﬁtqnérfhﬁf‘ e thigh kit &tedadts to

| ocat i oRSmAIBIALSE Sighilk GRiwdR MRFwSERMEEL OMhe el devitl \Welrene%n%yl ons
are available. Utimtely, two separate networks nust be built and

mai nt ai Mesdudenidrr efampde dRibheTWIShRS, | b5idgen TOBIEESd IRtETCORRECHER \faRIRMERy VETEOUSOne
net wor k gsBgy ﬂh@tsar%leﬁﬁrrpFécP Hith ROMG briinddeFdc D ek AN naied), (i %ER-?J B¢ a;ppéts

suppl ies connectivit 0 the data COfTTTLlnI cati ons net WOr OI’

net wor k PAE%RIe BSs ged éﬁbefr warioug netivatk paminment. dyhag @Hﬁh@?éeepeschaw rmcrorrymmr
supply 'aH{oﬁg 'bfb@% trﬁ’ﬁkbsoirs tﬁzﬁ'tl’ré&r ﬁ)reﬁﬂ 19&5&&? kwde &r@e{‘ﬂd%pex%tet flﬁ‘ adh%?é por ate

an internal attery ackup system or

connect &g Qlcﬁf@ﬂﬁl pmwmc@nsuxmdebbrl tbesaoiwesgpppp} e@lblysytem]ben@ﬂﬁgalcmmm or

appl i cag, %%pmr}u Wt 1 Bovddr t el ephones, the nunmber of network

devi ces that™ nust er ate during i | di ng power failures may be very high
Thus, it woul d berwr redsy actworle ilemenndevicehidans et fself energlredidtewordiudesyi ce
t hat do C
a1y el R UL SR, Roobits Pl idHio A BNRE LERLL AR ;SR RAMNOAC |
net wor kta omnecnoonnetWwhiks comedtidns| g'mbfreqmntﬂeyt oédmm Idevrmsndoe:romdct to a

el ectrica AC rece cles.a ssocj at ed connectipns. t

o ol 1 157016 PraSial ao S RETEHSR SERPROR 8 BUES RRS GPERO N LRBRS L o
al so pr bmitdehealoeatiin &f depwbrk\etenmmmen® fooitiqas extietd elgctaital lpower emrmr:ticmblaed power
source t0 rrultr | e network deyi ortant to point out .tha

ot a. corfant el SR a e R Gt oML rs e as TP b st Bt A8

opt i M zedirtoneaiamhyrelti glah haradvic dtdonhavedoowie netabek dovical nDgatidreok sap;greal s and
was not designed to deliver electricgal | EEE 802. 3 st rd

requi r e&l® ftﬁ’g PR ereflﬁabr"it@%dm\‘}oﬁ’t é‘:‘? c‘% iffds'éRP IS {9PENEFHE iy the ga%abl e
be i sol aérﬁﬁiuﬁﬁdxdnaha(%ﬂd in reference to earth ground at both ends

Category 3 to 5 N c §5 .connectors,, the lin |nter{x&r§ et wor k
devices and all | e‘c"l ?rié‘e‘(‘,“@% EYiRSet ORI 2 SUling rF?F‘ﬁ‘a RE “ABP not
desi gnegower 0pFly Inr@idn rakilPOVREL abrwdris BéitCmaRt eifhey Ricodpbragner mteensn he

maj ority of network devices. Therefore, any solution that uses the LAN
infrastructure to sinultaneously distribute electrical power and provide
network data communications shoul d address the fol | owi ng points: (1)

el ectrical power distribution over the LAN infrastructure should neither

i ncrease the network bit error rate (BER) beyond perm ssible | evel s nor

di sturb normal data communications in any way; (2) electrical power on the
LAN i nfrastructure should not introduce any possibility of harmor risk to
users and networ k mai ntenance personnel; (3) electrical power over the LAN
infrastructure should not harm or cause damage to standard LAN equi pnent
which is not designed to receive power fromthe data comrunications
network; and (4) the addition of electrical power over the data

communi cations network should not degrade the reliability of the network.




Systens for delivering data comuni cation signals over power nejmpr,lg§ ate
known in the art. Power line carrier systens are well known and Funbﬂiaﬁﬁto
superinpose relatively high frequency data signals over |ow frequency power
cabling. These systens, however, are designed to operate over power |ines
that are Lif.e fr e AN Lum.J esi gne

b . .
construc#éﬁéyoqég%?angggr%g%%gﬁféépf%ﬁgghﬁ#ﬁﬂgg?ﬁﬁ%%égﬁgmr%ﬂpgﬁaﬂ?§l~"v
2003 cabDegendiagne theoapplicdtionesichtasrwidc B of LANI teleyphamsl the noinbal ofderiverks ar e
not designed t.o _handle high.level.s of elgctrical. power.This is very
it 1 or entoyeos P RS perde A e badbust RIVE SRupENSHRTN catton s gnal s
over power |ine nefiumg kswould bd dsskalde agelanmatk khesderdiforngclanetexeigdvicephidcor art

data co ni cation et wor k _wherei n network devices_.are coupled to the AC
mai n uti FPEy RGBT SOTBRITR 1, corBecteth ot Surie 0 MeeiEYieT e es ant ed
to illusterdaed tAC &agtiiodlSreb&itauty; Kinehddifeoit $o tahadtwarie chidicta. | yThiouweuldn a
LAN environgent The net wor Kk, genﬁr?lly {eferenced 3010, conpri ses, a

conbi nat FEHIGRNYaseusr hannyabaknshelestico! cailph eCt secspiaflps 1aBflepriBtigteder ver
3014 andédHnedtnd Meery TRPpBAAHNEE iSl¥idheofet¥drl@ksicd0! B ABfioal 8 Weul@ LAN
bridge/router 3016 which iS connected to a source of AC power via

el ect ri c&lfo proyiiea0mst effastvey means|feieYiging ap yaintegup@ble powel snyscette MHiERIe de

t el ephong.g6fivdevRef Or @ plurality of Internet or |IP tel ephones 3052, 3036,
3028. The LAN brlggeLrouter 3016 is coupled to two LAN hubs or switches
3018, 3020. IP telltpshomesa@o®int308hat the dete poramunicdtsns pewodbinagmeput er
3032 an 1 COMpPL 0. a ouypl tQ. LA w,tch | i
netvvorkdﬁ%??%rga?llr]lgcplpsg%ngﬁSg%q.c’pﬁkﬁfeﬁug?s% cﬁ'gboyggékg{dgbnlh%c §g'e?oé{%’§
separ at ecosmnurgeatiohs Aigngeowust was aotedesighed wadeliypdr wipcBO@l powd?. tEleciiiEnN2023028,
3036, portable computer, 3032. and, desktop.conputer 3040 are connected to a
sour ce. QARG TSR ik g e ieRT o 6 Gy Rd GG Fpgrtpm b o g bhIiEd B

r fes pect ibatdnged Tmeﬁfhpehbehwbémw: drotind3a26dth &n@hsoategwpbe% § 0.AN seilag, aUe4$3ur g e
of AC power via ctrjca 3026., A video c [ 044 (e.g.,,standar

i deo Caenssiess Tersairay? ob Jrvist detessnt ol Bk Sahd CRVEUREHRIE 3052
are coupigln kiR defWorkUpére Wbt debigRQP0 Mirp eREHW hhweRht Rfftdent RIVEEG!dpefige 3047.
Vi deo canera, 3044, portable conputer 3048 and ‘I P tel ephone 3052 are

connect _éBe F‘élogﬂt)é%f?.ﬂeé‘é‘)féffdeﬂ@spomer via electrical plugs 3046, 3050, 3054,
respectively. It it%eR@18dadyhdiuRACHaNEVAMKLARY [iFi@sthRANE & SiRuIBRPAIRL € data
communi cations connection and a connection to a source of electrical” power.
The dat dlisiebuie relactirat eawerc endo aravide mgieork ndatah eorpopmigdtionashetld asliress sheandar d
LAN cablg : vent yonal A St . rie power
to each %‘%gl&)g%&)?@eﬁl S éh@%’???éié’? ll\(/ﬂluglsgggﬁrﬁﬁeg#mlﬁg?ﬁﬁémﬁﬁhﬁghrAeegfe}%)rt acl es.
Thus, eardreasetiwondtwdevbic erronuste (BERD beywind drmigsitiie dtvelsews distusb natmalidata hook

; : [ ' k and .
ol act 1 earbEOR B SRTVAR, S5 S Ko Bt B RRulR, B0 o

seeks t dntprdoee dey posséiligrodddrs tof uisk Wo @skrs ald hétgrory sha@tandnce personhell (3 ~~~

and | ocal area network e Vi such ste Network .i nstal |l ati,ons that
1 1 76 AoREIoE] RO B M EM T ST AgH PPt BRI r s e e Ge g because
the nuMpeIN QuipRidhi WAEEhPRWRE desiBh®iSio ROWIBE pbREERLAC HRSANdoMuRRMBSNs
supplies or adapters is greatly reduced. In addition, network devices,
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ter m naPS™aRE BhEh therddit AG clguicHmater o He FtaceRwPIcHETS T8Yed to
the exi %E&Mﬁomegﬁﬁem%@elta@ﬂ@%bﬂ'ﬂe Aéwhk. receptacl es. The system of the

present invention also provides for a significant cyst reduction in

provi di ng uni nt er PYgsemabfas dshvsking delacommpunidatigrosignals overrpoes altwaskswasiek

devi ces : inal g i e p E e .

interr u%ﬁ?‘gﬁﬁfﬁ: ?{s?ﬁi gog%eﬁ'{éocaﬁ ?:egrl%%%{ls ?rﬁg»?éﬁgl{n&%}rhl lf%/ ?‘E{gﬁ ng{(:)kslﬁlgg%%]e\%sre , 1.e.,
power f redativaly bighrfteauencytdabd sgmbsvever Sempdteguenty growar tablingoi Tiese ispstehs
network,via the LAN infrastructure is.fa re efficient tha nnecti ng
cach or PEEt e péauried of SRRt 18 v i gl SadsirGie Hoom ¥ LR RS L
power | LA&N mAdiuas Budgighenaidiédnsinsctadadol driyfafa cmddi@cdtionBignalst MBusOthley a
relatively small portion of the network el ements, e.g., hubs, swtches,
routers, etc., need to be connected tQ a dedicated source of

uni nterrupt abl e power while the renmai hder of the critical network devices
receive their operating power via the LAN infrastructure. Another benefit
of the systemof the present invention is that the safety requirements and
cost of network term nal equi pnent can be reduced since electrical power
can now be fed from|low vol tages delivered over the LAN i nfrastructure.
This is in contrast to the current nmethod of providing an internal or
external 110/220 VAC power supply that requires that the network device
receive certification by one or nore testing organizations such as

-, T o "~ 2



The power over LAN system of the present invention operates with ,hl,gh

bandwi dt h data comruni cati on networks, i.e., 10 Mops, 100 Mops, N@%B
which are naturally nore susceptible to noise, network bandmrdth near end
and alien crosstalk In 4 .y .+, ,t~="" 2003 addition, the present

invention takes into account the limtation in cable I ength inposed by
noder n LAIBIes,j cognectorgnlifreetiter Fe meputs 2k tesmanak idpiegst ase 804 desipubd ite h@wild ched
Tel ephoney; detadRlskor (RN pbWieGhRtS JerpQiitired MbMishrinoLNe §B,}II d

Hi gh bit rlatee Drsgl tal Subgcrlrber Iioo?oé HDSrL com‘sru%J ng;%%loﬁ é‘?’%g oyl

i nventi orﬂaén@@rr@mtlnm@nalsen@tpewwmmemlﬂs ng methods that are better
suited for shorter C e r I RN

di stributed over the%tgr&ﬁ ﬁfﬂhﬁg{e%}% (% r E éxan%% (Sﬂnle%t grigquenc MR ons

vol t ages netwark wheredi tdreoricdsacesaiel coupitdatd eueek(“rmmmmllitypwetrhs dizdven in Fig.

conmmuni ¢ S signals. T e el ect owner del |vere er t
comruni C:z[%I %‘3&’1‘% r&eé ° Qrﬁsﬁg{ﬁdﬁ? éIH'PS ¢ %}e o8O " ?r eg%?rg g‘& € in
t he cabl eypxailhebmerxnaarmurehmsdnms TiequetwaR, genpaily seférénced 30 UG toomp)isds@

1< ar coRbatel A ol A sk R R R ‘e, FEBSb R o

Ej ransmi E) }a&cﬂoﬂﬁd (§92 @nﬂofblr oth® @réfe bﬂaendﬁx@tﬂoeﬂ \Whd fﬁlsb&b raSLANt ldgatrdueed 30161 f t he
ata ca ri ses,only two tenteeecrc

di st ri butB¥FAs wes%t%%%ﬁaweavm%% Rug 5%22 allfe%mﬁwomé%r% and
transmt 3044 fsctldidSo ptdViRCERPRHB GBrvItk 6t 4 PifralilV SMintePit oPI\RIephces 3852,

del i vered over any conbi nati on of used and/or ‘unused tw sted pair wires in
t he dat a38¥wifid8-cati on cable There is thus provided in accordance with a
preferred embodi ”E’f‘t‘i RAN b fr§§@1§OIBQ¥@&MtoathooﬁﬁLI I{i’ngff‘@r BERURE Ko1g

i ncluding a hub, Iurallt nodes nication cabling connectlng t he
pl ural it yoWk rIBdrebp!uqmes B@Zﬁuﬁoiéorlammw dthreg mbatable coomputer GAB2 camd daskton power
supply di rafi i alnqlee, e r to at
onet socahi h0o 0 Ll S 0 AnPhMLHR Yo s AT el ARSI | T rer
in accor Hahblelbésiwithh 30 1% pfcenmeedd mwhmrmurme of A€ pves exatelelcnwehplug)ao%he

i I toLe t d cabl
commt g LA RRS R AEER At o ahed SHPURL e B0
pr esent tdwmtae@mmvmmﬂrelewmal yIugMQB@lmeo?oan,smmaaspedeyt hin the hub.

Addi tionally in acgor rred enbodi nent of the.present

i nvention the powe s[d%gc}ﬂ'z'b I”é‘?lr 39)%{'8? Coppled {04 SERAAS areehef %EH’.O“I%r eover
i n accor darketrisal flug3qeef £vidd ce:ﬂaedomrug OdtaridB ideRSRkral SHWHEH I:zﬁifbri)he
power sup distributor is located partially within the hub artially

out si de P‘ﬁ?}éﬁu??mpgf‘if I%O“fsLﬁ“fir@rte‘i"'ﬁh%‘eéBF%I&FFcéO‘Iﬂle(dhmaLﬁNe'I“@(W@ﬂ gdi‘?’rent of

the pr eS@éﬂ%ﬂk”&’a@ﬁbhl?Qohﬁ&n@rﬁ%emﬁﬁl nGndéH)E@rﬂerE BRR4 'pﬁﬂta@l)é céﬁxlpdtepgw a§dlm3| y
distributor to at | east sone of said gﬁura ity ‘nodes via said conmuni cation

cabl i ng Iehehmé@%a@mpnqmﬂépasmar ol R owgr Y'ﬁ elgctrisplavase 0ap .t 1058 %6t erred
enbodi mept,efivdijle present 5 -- ~ ~., €2003 invention the hub includes
a data comrunl catl on concentrator, the power supply distributor includes a
conbi ner, and t he Itismetet ®at ¢ach netaors grylceonRanites 9 eharaid Rl wommEmeatiang on
concentr | 1 [ e wth
a pref er?otelgécn\ré}saﬁé Q@o@%%)d.ﬂ‘é 3 S%l?ré:égn 1&?%\6712 ‘?%rn '{hﬁ% %%derﬁpggggﬁegﬁ ata
conmuni ciatnade mcblm:mmahnmnnannhng/rsmméardr LtADe cpiding rto sopyentioril fitbs, lswitolesj s al so

| ocat ed wi thi ub, Additio aI I acc.or danc re
epont mertitefl Bt Akl EBLpde 16 iR Rstrirk BeRiGER HAER o B SRE IR R i on
concent natapracmed Muaeat}rmdmerkmamé nfaktel gtod'ded withut Rastiteo akitity hawkatped

W thin the b and i ncludes a power s nd a conbi ne the co ner
coupl i ng""ﬁé IacfﬁI“f"r‘\‘é“cﬁB%E'r"eB'(RSbF%ﬂ ‘Fg ©dhei slesirica %I“Fﬁﬁ’nghl ch

al so carries data fromthe data conmuni catl on concentrator. Preferably the
data communi cati on concentrator corrprl ses a LAN switch which functions as a
data conmmuni cation switch/ r SgdMARY OF THE INVENTION

The present invention seeks to provide an enhanced structured cabling system
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Additionally in accordance with a preferred enbodi nent of the present,
invention the plurality of nodes includes at |east one of the f&ld olM'hgl03
types of nodes: w reless LAN access points, energency |ighting system

el enents, pagi ng | oudspeakers, CCTV caneras, alarm sensors, door entry
sensors, acges: ar%&’ﬂtml unilts Iuacgtac% qSQnmputers, |P t el ephones, hubs,
swi t ches, FSCEEFS? PRSI SPROUAZSYE 6P Backup units for PCs and

wor kst ati ons. Sti | INdvaotkhastalianosctar dilive ahwviptdiera ipveafied ced berbhadifize nind of

t he present inveqt })on thtﬁ hub infl udesd a dat achom*runi catio co(g trator
the pover=8LEHIG U PERHIE BIhs el (FARELPETiSRHEY PANT " BEE SSURAG BPV he
communi cafupgifes @akldaptarscio Ry sedubed. dad addigsaretweki dRiceneiihdiatnd odiea t he
conbi ner to tl&?’ nodes, and th? i(::fjorrbllner includes a plurality of_coufpl ers,
each of VINFEHNNE CBURMEE: @A OF §1247F BHEPUICEHFY toriae FwercelingItye legrionett 44
accor danggceptatids.a preferred enmbodi ment of the present invention the hub

i ncl udes a data conmuni cati on concentrator) the power supply. distributor

i ncl udes a conbi nedharfgstampefntie BIgHASE yavenkHan cdsemiravidss i fon acalsnifisantc éfthect s

the data rgﬁmpjncﬁé\i/igi'ﬁ?%Qm%b{agge%%ckfg%léc%apg@é‘rgﬁ brifid) h&&o ?ﬁﬁ%es apd the

conbi ner conprises a plurality o oupl ers an urality o ters, each

coupl er Wemirplciorthe evend of a power supplyrfaiiure om intetrpptionofThithis quswvierthes taspthat
Still fur . in p r{ e iLe of the S in tion
he hop ERSRE A0, A PRBLE A9 THAALIGR Lo S iy YA
di st ri butpoints ingheidetsvosk giarthé AN mfrdstaicpmevis fas mppé wificidne tiannconnéatiat ieach

cabl i ng copnects the.data ca ni cat.i on 2 ~~1" ~'"a 2003 concentrator
Ve the CONGT ebrars R Rl D BHRERL IR Rere btk SPaPpr e e ¢ by
cl():JpI ers aﬁkﬂdlpgorpihuf Blvaliy mokt dfithet titfiesis aln oﬁl)ypi ttla&iikél%énﬁlfl p&ﬁgfnt ofRERétwork |
all ocation and reporting.circuits (SPEARS), —each coupl er i ng, connecte
Via a fiPRBENSEE, Nt ARIERSS ARRUSER it ’t?F? ﬁ%éepfewt%&am 96%@0%@% A
accor dangfinitiiprable PP T Witk BRORHIANBEL oPfthd BALMH aRBRirki GRS | RELiTd ehditub

i ncl udes a data conmunj cation concentrator, the power supply distributor

i ncl udes OBETEBIRTAHEF Viartke AYIWEASITIGES| y, and the power supply includes a
power failure backypoh@Chdnkehity of AALSsterN Ak He PresBhe BUARIIY & Yhal hfe ity
includes a data conmuni cation concentrator; the power supply distributor

i ncl udesreguictsitnand eastiobnqsworkrtersnipgd leguipmisat erontauieiiecst istiee cédsiricahpewmect s
t he dat A nQ{HNHEY ﬁ@%o%fo@@cﬁ&gésr@eﬁi%rey b?erttﬂng'mfrgﬁFuct et Hﬂisqg £ cntr@&d the
conmbi ner conprises a plurality of couplers and a p uré'\lty of tilters, each
coupl er  tgethe guren methatlofpraviding iant isteriabomextemap Ut0/2%0 YAE powersupplyphst.

Mor eover  AGEQTHlNe (BRSS! L CTDRALIRNL o Phnd P nREERERL, LANERLLGR the
hub i ncl udes a data conmuni cation concen?ratcyr, % Re powerS s%&ﬁy

di st ri busush as botierdesera LatmritbrygtJLan th the passeat IB wgieihpny, twid cic Gnvenom ot momre

cabl i ng c%nnect s the data comuni C@? o) concenk\rﬁ; or via the conbi ner. to
the node¥' MG PPRIYte BIN|E PONTEPYFE PEFHF S Dot eRBRI B MavehtpULce ©

pl ural i tynimbrripthie pswaijostas Btditfady) arayogtasédRIdphPedRbnrcledGa ithedPS BN @njoy
reporting circuits (SPEARS), each coupler being connected via a filter and
a SPEAR tl"éayan out put of the power supply. Preferably the hub includes a
data communi cat i OFHEQCRIMEFrdnted RGROUGE EURBEY aflhabdibUiR and Mdrhsles a
conbi ner and a power supply, the communication cabling connects the data
comuni ci&f Benfravaceslivedrpand/managing destiiah @pweiooydnd-AN dewyorkinefrasHuCBETbi ner
| nol udesug b b dhdilYaeQbn&oh) i ibhabrbdsef Th Adlofapp! er
bei ng connect glﬁiﬂéiﬂg dg?i%? te?h?@a‘%ﬂg{b@g&%lyé)ﬁl{rﬁ%e%oﬁé l’éﬁ%‘g‘?“yﬁ‘ Aclllcﬂ(g tionally
or al t ernedude\aay posside Wlisturbarcéutdebe datd xpmnummationscandi ormaiotaare pompatiulityt he
power su I Kbyt or includes a conbi ner and a power supply) the
comuni c"g@} %ﬁ%@%??‘?g a‘(‘:c(i)%th%rcrflgvatn gmoagaf%bcommni cation concentrator via the
conbi ner to the nddepowandvéhEANOsBiene bf cluTprdsaa Singenpionr @perdtys ofithchighl er s

and a pluralli of filters.and a plural,ty_of r | | ocation and
report Prﬁ"@\"ﬂd@%%‘% CPEpRARYon ‘lfé"ﬁ?f%dﬁpl@r%@?’ ﬂé%?fggﬁgé 1\31?;13 &0 38 and
a SPEAR aturdly @bfePsiscétiblen® dPeehetS8RAPbahdwidth, near end and alien crosstalk In
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Preferably the hub includes a data conmuni cati on concentrator, the power

supply distributor includes a conbiner and a power supply, the VAN "9}03
comuni cation cabling connects the data com‘rum cation concentrator via f’
conbiner to the nodes, and the 7 "2 ,~ ~"' ~'"~ 2003 conbi ner includes a

plurality of couplers and a plurality of Filters, each coupler bein
connect ed2ddieons thy present tigyeptiprogkqsunooTcCe e theditaitation ppcgblndenstl Hesed,dyr

al ternat i yghynthenhule I NglhHAES of nflal & v &AM Nnfefdrd qnpﬁmcgmtaﬁweleptheﬁe power
supply distributor i ncl udes a conbi ner and a power sup

communi calNewyork dBETNY busenaset Senvise Rligttal N@tﬁhml(ISQcN)oWdcﬁ%lﬁ!\ehtt rrateoPigiiah t he
conbi ner iAel: rs
and = pl uf Srper TROBTHDATE AR IR | I o bl B PR
repor ti ngfeeding iettwd§ BREARS)er satd fovbpitarhallerblg gennected via a filter and
a SPEAR to an outp f e r

preferred enbodi m;ﬁur% r, E}% elé%?""%f;pc{%&%lsynbufeﬂ oR/?rht'ile LW&%‘H &pl%&aé{“a% ;bicgut of
i S operatorvipwt cﬁrepmmyd‘eCe‘lmrmgm whikh pmvwhexabaaelgmﬂhmtemfammnmaﬂly amtlmaiatd ng

Wi t hout unacc bI e .deqradati,on.of the '. ication

further | SOTRCOFHAFEETATE vl 0Bl PUrT SRRt PEA G AP EREHE™ R0kt i on

t he commuyah st amﬁnﬁt@&i Lo 6B mSQSsp@ie b&Rsh th€ablleM Frieehen dommvaidations

connected tao each. node and wher.e power is transmtted over %q{g%& d WI re
i

pair al orf@qw8rpaaa£4acwuap§bt°ﬂwaﬁ§wtt tlEd PaIpR&oRugPn) CarrgoRb

dat a comuRk&RithAN2 GARS ARt fictREd farh@tap@bmmﬁémshsy qfh@brebtbaéaxogsowdacdau%s a
power supply interface and a povver su%p , the communi cation cabli ng
connect s aREMHied STEATMCE AT AL Ehsneadin Pareoaing| aAkerBatpyslveril shepPaty GaRleer f ace
to the n%%nsén&llpqwrpa‘ﬁu%h}&é Ql%&FlE@%VJCP?S' HickeBurdd RIME Adet o Do bf tHer S
and a plurality of” smart power l'ocation and reporting circuits (SPEARS),
each fil tavailabéd pﬁgmcomnév@tre@wmaad sra&nmﬂlrc&) Birusolntageardasce twith mm\fenge@pl y.
Addi ti O“ﬁJowér tdh RS &e?ng%?%‘éer%gg AbiRkRh T aﬁH?BP %wz?tfedﬁj ?wWe?

i nvention the communi cat i on cablin g conprises at eas Wi ste WI re

pai rs conrjagciveuninicasas hatbode and V\,her ein power is transmtted over a
twsted wire pair different fro hata n chdtalstr

Preferably the hub ﬁrfl‘ﬁﬁgss %{O‘élg]f mcg?ﬁgrﬂr?f’%avﬁhn Bgﬁegeeﬁter%?o e rph‘%eg%gwer
suppl y dipsdsedtlinvention adbeut esa aetpmviemclsdxpglaymbm plufaﬂnqeoﬁmﬂee, mmnnemppl Y,

t he conmuni.cation cablin nn tion concentrator via
the ponstAUTRsoymsiRe hRweity oF Autes i B R PEAR Gk cSTmBRUSTA 2P Bce

i ncl udes pawpt stipplyl didtriBlitof bper£ive t@pvide fat 1eblsbrny opefrat&igegdwd@(wv&trleﬁdt lsomat i on
and reporting circuits, (SPEARs), each fil ﬁer bei ng connected via a SPEAR to
an out putOfHFPB‘H%‘%@\%W@[YWP?”%&“FP%% W&or alternatively the hub
includes a data Comzsurmtdc&ﬂa&@ma éﬁ'cﬂtr@éd errtﬂaexnwavx@mh@y@@émﬂbﬁﬁdd thet or
includes a power supply interface an ower | ~~" ~"r~ 2003

suppl y, Fﬁ'@“@m‘iﬂﬁﬁﬂ lingincludesiaf least Pam ﬁ%ﬂ@qurf‘é cabhng SY$#funi cat i on
concentrator via t§€ﬁ1 p@Wﬁ& &UF&B}/ ah&et %%%%r&f@rr&d‘%nf%&'ﬁém afpdihk hEreE’é?MVer
supply interface includes a plura smart power allocation and

reporti nwwnmmcsowmwstr@awhlsm\’ﬂéllm@eb@innect ed to an output of the
power supply Still th in a r e i of the
present invention f‘ﬁal"ﬁu@yl Wcﬁ&ggagﬁ% gﬁt?awcptrgrrrﬁﬁ?la?ca ?%ﬁggton&ggﬁtgrg%%t t he
power suppleptici the powert sapply distrivdies isdocadivutsele tieristba power supply, the

conmruni cat i on cabl | connects.the data ncentrat or a the
conbiner to the no%geovfrh‘g R N ﬁ@f angglbﬁﬁmﬁg{]?@g SFESE I Pé’l’ and a
pl ural i t yneqfowlet kdp@rydeﬁﬁdutar ipldetad parylal Bf wigimitie hpb)w&rpamhdlkyczaﬁsldu’thahnb
reporting circuits_ (SPEARs), each coupler beinhg con ted via a filter and
a SPEAR to an out ptil o‘?‘”?‘}‘ie‘“pﬁ)‘iﬁéﬁda’é‘ﬁpﬁl‘tg 2 grefe "éjcﬁmgﬁ‘tﬁﬁ’ie@tr ofibe RrefeBhst two
ports, opReffonVhi eﬂaﬁn%%%ﬁﬁme@ By 3aiR PoeOdupbReif#AbiRoCRMITUEESE Sdth®Bf
concentrator and the other of which is connect ed via conmuni cation

cabl i ng, sai$ Plyflity podes diagpidreammupicaon tapling indludes backup pawerpr ovi ded i n
accordance with a Rﬁﬁtxgﬁaﬁl?dmeﬁ@gﬁ'ﬁ@n§v1t9fatphfferperde%ﬁx%dxha@merbtf'tﬂé‘ aeiéaeal
area network node for use’'in a local area network i1ncluding a hub,
plurality of nodes, conmmunication cabling connecting the plurality of nodes
to the hub for providing digital comuhication and a power supply

di stributor operative to provide at | east sone operating power to at | east
sone of the plurality of nodes via the hub and the comuni cation cabli ng,
the | ocal area network node including a communi cations cabling interface
recei ving both power and data and separately providing power to a node
power input and data to a node data input. Further in accordance with a
preferred enbodi nent of the present invention the power supply distributor
|s Iocated W|th|n t he hub. Addltlonally or alternatively the power supply

=, - T 1 .



Still further in accordance wth a preferred enbodi nent of the present 0
i nvention the node is operative for node initiated sl eep node oper ét"i'o% Uﬁn
vol untary power managenent. Preferably the node has the functionality in
node initiated sl eep node operation in voluntary power managenent) namely
measurin t J | [,ne tiVvi 0, . If TD
1 axceedt sifor bFRR ALY A3 chth B BloR RohbleaBE the bl Tuph D RIS

cont r ai ndcded rgcwhiey, modetho pematingiation ivablmgdeorrkhen thpaletat esmmunicatsheep
node whi i ves.reduce [ nsunption. Additionally or

al t er nat ?@gwya%reﬁan%}aé:g gg]gi ﬁ)gg\éfeﬂona% Tfonality in node initiated sl eep node
operation in vol unfilrfyrtipowesccomaagensrd prefeanse lembodimsurr afiibe pretennievehtivat i on 9
R 20 TD2 since the.last ¢ nication of the node |f. TD2
exceeds e ERNERT EoRGIeam R Sise R Gpd Rher2R B po LT PEAT piintior
cont r ai ndiaatlddagedsliggptieade. operati on, the node then operates in a sleep
node, which invol ves redyced powey consunptio reover in accordance with
a preferred enbodi OWﬁYtlﬁea‘i‘}PE‘é‘é‘fﬁ W‘ﬁvén?ﬁe%ﬁrwh‘énme%gf S‘ﬁe}’f&ff‘é’tvm th

t he funcihiiiahithe/n® inOIREEAE d400 cdhRuMedRnBhBRtrhdsr Whd Whételd tpceﬁdm!sgpm y
occurring tinme slot, and operating the node in a sleep node outside the
per i odi chittrihutae isalsq legated vathy) the hobrand dnghesies at prwven sHRPIapd 4| combisertht e in a
sl eep mMdgpaRr D& nfithd f sl to AR hnkARaibl SitRing nycH 41§ node
has t he fu'nctiroﬁgxf {n? (;%ert Oe tnp e perslll |coafh| %gﬁ@ortrlngng a1 gel fctest. | f

t he nodecapies date framethealsta commuppretion eancersrabaal | y. However, if the node fails
the test, it oper i e . i I: C wth a
preferred enbodi m?rrff%rgk f}t th %aﬁgéggﬁ]{ﬁ@ %\%%%‘tﬁitchlhé,en{r%é} Eglﬁ%}lgllg aao%g\g'?? @21 for
power sugpthyfudctdnsiabatdeta comimunahech sticbfrepeade operati on in voluntary power

managenent. Preferally the .node has the, functionali in _po suppl

ot Prbator i ntt i AegespDE i tertBke, Uit oh Mo R8T snbe el Rt R e
namel y nmesation thg plbielityiofRodkdiadindes atlleast ofié¢ oitie fdlRwimslypescofi notésy wirklesshe

node. If | exceeds a first né)ih eshol d, ia t he absenc? of a useécg?,ﬁ( system
i nput ¢ ASRERS cBRINtg CTEEBERCDGEINL SYSIET oFEmEHe PASNS udgprakett oGl a

sl eep Megherdki &lArrh MEROLE SddoR e scREIE T ade@ISELHRbLl QRits, Adiobl &nluteys, | IP
accordance with a preferred enbodi nent of the present inventjion the node
has t he '§1€RORES NMIDRt YWItEhEs,) SRUESTS.s MOBISFS Angt MeBIRrbrbarkipt Maktedors PEepaitode
oper at i Qpyridfatal unt ary power nanagenent, that neasuring a time duration TD2
since the |last comunication of the node. |If TD2 exceeds a first threshold,
in the absence of Sall ugtheroin ggenrdance npith ac orfferegdnambedimant of db PrgseRt

oper ati QRendeHIGHS ih?u&ge{'f_ﬁ? .ﬁ%ﬁﬁicétfbnaco%ké?]?ﬁtoﬁr‘?ﬁee%o&@' s%E Iy ravs%aﬁa?&
reduced power consunption. Further 1 n accordance wth a pr irre

enbodi mistudes at bemipnesent aipewentsupply.t the ¢ootheurhcasion lvablingnceorineetalthe Watahat t he
power s Lstributor per.iqdicall: rf.ar tast 0 ; - LT the
hode. pasoBibpithir b RaRcli S SRphel i IR el iGhe Brblify MR by i1

t he t esplurdltty oScouplrsaesrh df whidhds sbmeqrednacd. oubput bhtde powerssapply dance with a
preferred enbodi ngnt, of thed reser}]t in en(%i on he cQ ni cat.ions cabling
interface is intelHHer {Acprapnesyitippicisied fg ?ﬂL"BF%{PIf RSpseRigEatonstie) |
further hit iRArieE dadse conblunRatidre teice Reht@TRRdpowdt supply t d1riphites aniudendent i on

t he communi.cations cabling interface is external to at | east one of the
pl ur al i E§mRIrerBdispoper supply, the commupigation i ling FRANESts the date RPEMEEARNt h a

pref err gshcBitR@sH U8 Nthe Lonttifer A6 SHE Hodb UG th totiBfheP Q¥RDrisddPP [pYurdlitp tdri but or
is operative to provide electrical power along the conmmuni cation cabling

Wi t hout canpkeer et mpliealitioeft Hpss eeah copplemieing epnpetedoiprmibittet et anowitest pf thef ur t her
in accol')(g{gé}cggpﬁ(}@,‘th a preferred enbodi nent of the present

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

6



invention the comunication cabling includes at |east one tw st edszr'g m?r
connected to each node and wherein power is transmtted over a twste e
pair along which data is also transmtted. Additionally in accordance with
a preferred embodi ment of the present invention the comunication cabling

i ncludes at | east ted re pairs connected to, each node_and wherein

over e SnatERRY piathe GuPbEe: Ritta SfRnind B AR et & PRSI R EoEIotg

whi ch datadi 8 plurdits ortiiees akr efgialyyoft hﬂarp@‘éﬁér aliRRMion ﬁlﬂl(ﬁfré'p'oﬁk'ﬁ_godirchl%
operative to provide el ectrical o r. al t he communi cati on cabling

wi t hout u(r%@@%é} éﬁﬂhe"oélélﬁf being F‘?ﬁie?ﬁ YiRé @Fﬁlaflﬁp S@El‘?ﬂ%ﬁ?laé‘é%ui%lhd%(ﬂpwfonal |y
t he comng&%,g@tl on cabling may include at | east one twisted wire pair
connected to each node and wherein power is transmitted over a twisted wire
pair al ong whi ch daeevsr @l asgordpngagriihta ér@fqrr@ﬁteh@@dlmmeofthe asswt dwaEEnwi th a
preferr eqh@n@cpﬁk'cm&t a Q;Ita tc&ﬁm%@amtcoh&\ﬁ%@arome %g\g%rcétﬁ ﬁﬁdt nna@z%k' e

includes at least two twisted wre pairs conne wher ei n
power is qorrén@mdtaembwempréy aod the pdwar &uepbancrlu@nsfafpewehiax!mecbml@héacxlay .ong

whi ch data is tran %ﬁ% RIe Fl?errﬁatHvXIyt e %%eflnay&pl ¥ ghat Lok Fadoﬁ

operative to pr OVI rical power “alon he comruni cati on ca
W t hout lmamembahhe p@e@r autmiy drstrd:{utdrheclddo;}l 4 abmobouemand (aapom suEprt ther in
accordance_w

e B mblyida o Blifd oo TR e e ichieh Rubariater V2 B g e e 1o

each nodeoadsd and efee¢ImbimirIomptsds ApRRdlity ©f cowfiérs antl W plurdity\of @ltp8 Eachl ong
which data i,s also transmtted. Still further in accordance with a

pr ef er r eGOUNBPEINEERRNCSIE VIRt BIFSE SRt OYtpHF Of PHEAIMERBIPBYmuni cat i on cabl i ng

includes at |east fAdReol¥ &lcB@indl thea PRFdd CMbdamidE of theefefinh @fientachwher ei n
power is transmtted over a twisted wire pair difFerent fromthat al ong

whi ch datib iieclides 3sata CRRMYBIERIPRFONCNERERS o tigapRer \UPRY Aissriluster inglydes a
enbodi MeRbmBihert 2 ap,5&§e% Qﬁpﬂl@‘fﬁ’@&dtﬂﬂu&@ﬁm‘ﬂ%bhﬂkﬁédﬁqg&s aaedﬁaaco%mm&ls@t ion

concentrator, the power supply distributor includes J;~~ ?_003
conbi ner cor&e#aaﬁ%rg\earﬁmcoalhmewﬁw aodeg,rAnd thg qorablwmudﬁa mely'}ihtb’ h>§ couplers

communi cafd 9 g'&gﬁ DR GSpIgAND, Sltalﬁxﬂa e;HEWéP urai&i‘aﬁé) &%né" a the

conbi ner to - e conbi ner “i nc ity o cou lers and a
plurali tf/SRHARSD | saely eoupled being kenmatted yiagf filsarand arScBEe‘sdl wl dnopapit of therpgwer
reporti ngl ?)3; cuits (SPEARS), each coupler being connected via a filter and
a SPEAR fGFan out put of said power supply, and the SPEAR is operative to
report to the mandgeﬁenbty thechubantindds aidata ¢tdmenaicationtcoscengatoptthepowkr a node
connect ed tB, retﬁ Fur.t in accor dar(ljce wth a re;herred enbodi msg} of the
pr esent SURD lisg ur[oﬁéncu es a combiner an 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



hub i ncludes a data conmuni cati on concentrator, the power supply -2 MM 2003
di stributor includes a conbiner and a power supply, the comunication
cabling connects the data comruni cati on concentrator via the conbiner to

t he nodes, the conbiner conprises a plurality of couplers and a plurality
of f||ter§ i | | ti ircuits
( SPEARS) , %ngtg ercglgfu S éera?l conne'?ﬁ‘flg}gv\%lldangl h‘?glﬂ e&ngﬁdg éa%ﬁé&kblgxg b&ng

out put ofcqrhectpbwela fétstpp:d eyl,ouamniofﬂhepSWprls operatl ve to limt the maxi mum
current supplied to nod cann cte theret rnatl according to a
preferred enbodi mert &d‘f‘o‘taﬁé eLEHY ?En??enlte g'Hb udsh ‘in@t %d‘é%“’%”%%tt* n

comuni CcatdnoentaainC eat pc&b@rsuppllyedxpmwbr $ripley adtc&ﬁttmds:ruztrﬂra ipdGletl @61l the

conbi ner and a.powe uppl mruni cati on cabling co nect .the data
o CAPIR T RE T HRGPIACl At ST REF 10 CoRETUGEss erem i oHes

i ncl udes rvbdpd, Windl the Yeorfbiree Uili@des aapdrafitplopleabdldry «af 4 bllutantys oﬁrmte@ fdug al ity
of smart power allocation and reporting circuits each coupl er

bei ng corfiwaliydol FHar Rawer @Hogtign AnEPEpgRing c%iﬁ“@uésﬁﬁt‘mé} Phle PRI baithp| v,
and the SBEARddSViOPENEL e IPE AULONBIuL Bfﬂ’xe?bé&%ﬂﬂﬁl?t a node connected

t hereto di spl ayi ng_an overcurrent con tion tollowng el apse of a
programmabl y pr edeferthémieacogedanesowiol aPTQﬁWedMP@maoﬂtye pmaseat weipndke wi t h
a preferr sen incl a
communt e n . aioufs i BB E2ENbrol A BN bolfer Wihe' BE ciRn ol
conbi ner Cabimgaﬁlpimneunamgmwe degredai@nofithé ¢lgttal@nmcainlqan@1 connects the data
communi cation COﬂC?Hﬁ s.lt gr \l/ aﬁC(t.‘.OI;l' ancgn\?/tt e t de rr@ ? tt hg tgontgle réreltr
i ncludes a plurali coupl ers an uafa) ote PHIPED's R ° &P urality
of smart ipengon dlel cmahmmmlamdalvlexgowotnprngemtrleast bﬁe HOREARSE, paeammmemtoer

b t ed filt d Rt t put ly,
and Cho SPRAptr v Bibuar by ST REIBRE AT b R BOATRAr g R PR A o de

connect edrahdisitted.0 di spl ayi ng an overcurrent condition follow ng el apse of a
programuabl y predeterm ned period of tine and to, automatically reconnect
the node to power PIsEraRly ity buhaneludes 3odity sg@mugicaiirm genceneatesy dhiec PV Ent
condi t i OBuppMPEREIbEIor '1ﬁbltﬂfé§9rp@@'@lcﬁxp}9‘lyttﬂte?faw £l pAekr8IHAd BB mAhnitdifon
present |nvent|on 12 03 the hub incl'udes a data

comuni c5tli58 coprrstsiihe é@rércontwelcemaaﬁor@ermﬂtgr Vi Hhernosst S¥pPhn intestaes tqthe

conbi ner p dat a
oL oty et s i R Ry P B arl SRRy BE et B

i ncl udes alépcﬁ!’@t‘r and te}voﬁfngcfdmwsetsé’liaﬁd) aph filten heing ednnpgied wing SPRAR tplagral ity
of smart éﬁé\,ﬂo%e?ts and reporting circuits (SPEARS)) each coupl er

bei ng conn cte er and a SPEAR to an output of the power supply,
and the SPEAR i nclﬂdtbsomallgzuxmr ectbrdneces ovithMai prieferred eerviasiimeny obft dge presgit Vi n

froma o) and. generates a si |, which is proportional t he
current " eRRE ke BORIA TR Bt dhtsFt R hYg bR on e SRl by ng

t he si gnedchinbdérnddhehereinpewer is @asamitad dverladWistedGaite/pangditerelf 510 Mg aloakt age
Vref fro ective reference voltage sources. Preferably the reference
vol t age g%ﬁgég ‘%?@“BV%ﬁnannable ref erence voltage sources and receive
control inputs frorrfERbROHRERD Fck@B h UataCbdnfdiidiSatioNdbntdnead)| thet pveput put s
of the multjplicjty of conparators may be supplied to a current limter and
swi t ch witiPely $EERwtoRECludpi A POWIrtsHBRLY WRteriage And R POwEF FUPRLY, ErROFIMUNEtBR ovi des
a curr enéa‘blth@b&rﬁt@ct!‘%é ﬁ’:g? c&HEQHEat%g%ncgt%{op@{aWﬂE ?o@vpresuﬁglrygmeﬁfa&f tol A€
conparators are supplied to nmanagenent & control circui to serve as

noni t or i 1y e$ repdtthe pevveri wppiy lmtnrffmenactlum arldgahm offilteneadCr pluratienof smewi ng

t hr ough %Nﬂ th a pref rred ment
of the r ese : r%vre R&?ﬁg éﬁbts ?Sl%clﬁg% e%nﬁ:?lt bem o necte viad Sﬁg@ﬁ%
concentraMannnbﬁﬁwmomera$m®ply di stri butor |ncIudes a conblner and a power
supply, the conmunjcation cabl i conne ts the at.a co ni cation
concentrator via t c@atcodﬁEY n®r attS'%f“ﬁ‘é l3ho s huby d]t“ﬂ‘és cao P OMMHNGRIRS 5

pl ural i tapneéntraaupiherfoweachppd distribabori tﬁah&@%p@«ber' fpply tateaater af a power
transforners, each having a center tap at a secondary thereof via which the
DC voltage is fed to each wire of a tﬁ%sted pair connected thereto. Further
in accordance with a preferred enbodi nent of the present invention the hub
i ncl udes a data conmuni cati on concentrator, the power supply distributor

i ncl udes a conbi ner and a power supply, the comunication cabling connects
t he data communi cation concentrator via the conmbiner to the nodes, and the
conbi ner includes a plurality of couplers each of which includes at |east
one transforner, which is characterized in that it includes a secondary
which is split into two separate wi ndings and a capacitor which is
connected betmeen the tmo separate mnndlngs and mhlch effectlvely connects

- r Y Y
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- 1 {
Still further in accordance wth a preferred enbodi nent of the présént
i nvention the hub includes a data communi cati on concentrator, the power
supply distributor includes a conbiner and a power supply, the
comuni cation cabling connects the data communi cation concentrator via the
conbi ner tolth nodes, .and t he. conbi ner cqﬂgrises two. pairs of chaﬁjtors
whi ch ef SRR HieyCgBIicapen cabling, WARFITH et $ie qammupiGHipaRossager Via the
concent r gloier Agthily ideralck Yo kit REen pA@mEEpoWer Rugplpiaéeick estharbadinmny &f the
present invention {he hub jncludes a d communi cation concentrator, the
power supBlat RAVEE ilengtion aidhieParias CIECHs hbh ek S asigh &P FOReeng ieBnsFted; tean
communi cautRfoL@ABbbRG suppipect s the data communi cation concentrator via the
conbiner to the nodes, and the conbiner includes a self bal anci ng

capaci tor- 1 ess andStH af¥sher HerdcqaEsgce ofifford RSERETSC oefpbaditacnsi efc tier present

Pref er ablig,ehiion GRMMNhGRdds ANt Hrh itlcdriBh SbARRRatb) GeUsiiRr Jﬁ)%p@irsﬁfbgfor_and a
pair of transforners, each having a center tap at a primary thereof via

whi ch t henabdey @l eemeingrsansix & rpeovee dupn vnihe comnwinication cablingj aoneetty dier data
connect e |1 I Y - ' [ ~cabling
interf acgoéﬁgﬁﬁée%n %qlgéer%‘laa%g?koar%le g%?@h%ﬁé Q}get Hl(1(%%31)sﬁt]et %ﬁqﬁ%ﬁggwaﬁi ch is
char act eof zeuplérs andatplurlity of Ifiltes snd apriumiiy yof \smiact lpower slfzlcation artdoreponting

separ at e w ndi d a, capaci.tor which. s cennecte ween the t

separ at e ‘W3 i(ﬁgéAg§dea° icgll"PE} rfbfe’élgtcpwc{}dé'gn%é&?@% ﬁgpg% tWaﬁﬁPﬁqﬁgoﬁ/@e seri es
for hi-ghpéwegueplgyarsi qgeiataupldotits @ fidasciwovity, dreaf athéch it bennkwed wi ndomogs f or
conpr 1 si 5 BEFeTT ST HURR UL BICoHARS CIf S ebDhGBI B0 Be ram-aiehi ng a
dat a i npedbliag, t@oﬂ@dﬁ‘thé?mﬁ&i@;& gthotier et o. Additionally in accordance with a

preferred enbodi nent of the pr e@gn.t i nvention,  the conmuni cations %abl i ng
i nterface incl udes!BErsépalsahEevitesniBr despidanceitly 2 preteged cabadiment ST whs ch

ef f ecti VgleYenbliRektidiG HEA DGR Bod FHALR ih BNtal 8Fa RetOdenQONREaEH, 4 heret o
Addi tional | ¥ or alternatively the communications cabling interface Includes
a separ aplraliphef pefes, eompaumicapgr spiding gonrgstes therplvrelity ofnedes tonthe dwhder | ess
common ; 4 [ L r,t L Q- 1 h
erbod Rt o By i Boflktion dnda ptter ko BALEGOF A 1T BRI IGE |
oper at i vionenopesatngf ppwerf @nat feasiadomey ofithe pluradity @b dwdésumiat thortwbi ayd ¢hd | |
further | : W r dj 0 0 t..iEvention
the node TR GBI Wi ookl SLPRERRAPHBRC TRne Y chifuREFRAR b BED |
one poweintesfappiegeiving bnthgpowei arclidatarapd acmrandhe pwividirgpevenic aciiode powiermguta
control aimra%{ tgra% hg cogtrol | er which receives a control input fromthe
sensor as well4s gegao%fnlpoﬁ‘ input fromthe nonitoring circuitry, which is
continual 'y power duhrthst ih hecoadanteowisit a preéered emboditme of thadésentdivdntiyn ke
accordance with a preferred enhodiment of the present invention the node
S0 § maieE SuEptf g ior e e o OB “lassmytrone RS | east
;"L e I echpplgipilitit@elgnes basiagte ahignent . There is further provided in
accordance with a preferred enbodi nent, of the present invention a | ocal
area network i ncl SIn§irden i acepriangs avith 2 sretsitrde smbodimeinehitieatrSftcabl i ng
connect iiRgkntigh thdPhdtedk bhdra@e RPASR hRiatddiddh MdderopefA¥t i DoluftatApower
communi cation, and a power supply distributor operative to provide at |east
some opdRERsCRieferably the npdedgs thedhectionalithin pridgrinitipteq sledp modreepegationt he
conmmuni caty ' ' [ s [
ranagermat T aLet Foual rep ARy RS Rl B, Rl GF T, R i ren
of the pcaditshef thepedet [fOID I ¢xseqrlo wdirst tamshglimthe fabseotd afaalser gr systomringutt he
supply of I t le ) f the. pluralit.y_of nodes via.t
conmuni CrPEAREag ke mRF bpRTE, 0 phdbialh Mtz adlsehFofe iR abvaives,
noni t or seduceld pawagessubipdopower consunption of the nodes. Furthernore, the
power managenent functiqpality senses, overcurrent situations and. effects
power cutoffs as QHBV’BB’ﬁ{}a?Te?]%g’LaPY‘Tﬁy f}ﬂﬁ'{"ﬁ{ér a?ﬁ}?‘:ah'lf‘&’?féﬁ eniodh 19itigieds o e
enbodi MeRkep GhodeNeheRitios 8NtvoluRMBNpdvRR hitRgdMNEN nakRNAgRARKNg faliGé idaraibht ¥
operates in at |east one of an Involuntary power nanagenent nade and a

vol untary power managenent node Preferably, in the involuntary power
managenent node of operation, if the Bovver supply distributor senses a
situation of insufficient power availability for power transm ssion over

t he conmuni cations cabling to the nodes, it supplies a reduced anmount of
power to at |east sone of the nodes. Furthernore, the power supply
distributor also provides control inputs to the nodes to cause themto
operate in a reduced power node. Additionally in accordance with a
preferred enbodi nent of the present invention the voluntary power
managenent node of operation, reduced power availability is mandated at

. o - o - ARA Y Y 1




15 i: ' " 7" 2003 the power nanagenment functionality includes-af lgasi3
one of the follow ng functional elenents: interrogating the comrunications
cabling connection to nodes, to which it is intended to transmt po-~.ver
over the communi cations cabling; setting individual voltage and current

imts fapnades based at | east, o sesubl sy ofpd NLerrogating L i e
e pre- p

. SInce t ST_communigation O fole] .
communi cati1ons ca I'ng Conn%ai 8n t 0 nodeés and ef’i néd par anet ers,

sendi ng sbsehebloé asugnalri sygremespageshndicheng eegi encdedeeraaod the pwde ithep
status of a tI ine éonnegﬁgedht%.th? noede to a rrana?en&nt work station Still
further CRTAEEUTHURPLTORT BRIED IOl FEHCEROSET RUBEMBYOT he present i nvention
t he power manageneNMorddveein Rembaricy withy @boed BRbodideat ofliBagiessanmveiitidnhe

followi ng functional elenents valtage..is asured at an out of. ..the
power suPlfl §oUh S REFYF, Withithe Hgffamj f’gE apefafing the, ?dﬁffﬁ%”ﬁ iR @nded

to transpbdodRA®r o QURIMNgt NRIcCOASIMURE CalelA1A8 HAMJdRGin! & ke ABSERERIR! tHRower
transm ssion therealong. If the absolute value of the voltage is higher
than a pPeiRsiaHopadring dee slhabl e threshold, the line is classified as

having a voltage prGEfRholeRE 608k Iaf MBNoXkE N sl%?%&@e b iehesdbeplaut e

val ue of the voltage Is not higher than t'he predeterm ned progranmable

t hr eshol 8ensed Eayltr enmditionnPreférably ¢he nedeahasrtheldurationalsyl qfrtbey madsrasriadicadlyue and
power is ] d. .al i Ther eaf I urrent
oo moashrEaaiE § ke Mifle R, ok etk o bt bR, HBPREIF R o

at | east fagnthepestdeoparareniedhquieegmandenbl e ri ne) based on the foregoing

measurenents the s s _of the . node d the.linpne t,o whichd i s_connect ed
are determ ned Pr e#nlﬁa rItlile,r 'flh%ccare{&%cremw?ltgtlaopr{e%fre? K& bsotdg?elﬁlg 0otJf Ehtehgrerslg e and
t he | i neinvertiondhs natie is@psiatiefdr pdwirhepdlp disaibutg itldited slestbinbnsperdonLiAD

W-i EN Voyt > V2 AND THE ABSOLUJE VALUE O< 13, FORALL T1, T2, T3
SHORT Cl tﬂvv@r@fvawgg“%‘oﬂ%mﬁ\fhz "RB@geJ‘PE %L@E"@Falitb'& PORFT BERPIALL T1,
T2, T3 Mibrib&OPintdedd sY@uptmicteopdatiéiNA vbidat ¢ randPerhlnt GandeIT hed Wfids | OT'3

POL LOAD WHEN Vout TI >VS' AND Vout T2>VS AND Vout T3>VS AND THE ABSOLUTE VALUE

OF | OT 1the fimecyrratiqn Tipssinesrihe asl agtivityof e 20fs IGRDFqeossdsaffiost threskol o

| OT3>I S. ipuhBgeacd NG JSQAngﬁm.x AR chitraiiicatife \WakF Mo E}RARI0h SthBHodeagnect ed
to the line. A SHORT Cl | T condition is one in which a short circuit

exi sts aeperded ipdsieep wwdg gvhich involves reduced power consumption.

Additionally in accordance with a preferred embodiment of the present
invention the node has the functionality, in power supply distributor initiated sieep mode
operation in voluntary power management, that measuring a 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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- 2 ,,!~1;~ 2003 and negative conductors of the line upstream of ~t’hhe!lnpggn;
or in the node. A NIC LOAD condition is one in which a Network Interface
Card line transforner 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 tHedditignallyinjaccardapesqBidr Ai PeBFse oypladHamt eoly HleuBreidit ch i s

arrived aed¥n rfa@\%ﬁweﬂguﬁdn,e didtrphestis %@JﬁtiV@'té‘?ereVgleétﬁ&ﬂ Pt alE tBe peri od

of a few m nutes when power is not transmtted along the line; V2is a

pr edet er FATHENI IO Caltirabyidoytainaecenablefegradation of éhe digitabgomBHRIGHIMRG t he

l'owest value of va@jjagg.n¥PUL 4c08rdehcReHhitRds FreRrrbPWniBoRitlas HhER PRVRF 1S
not transmtted along the I'1tne and when no 1oad is connected between +Vout

and - Voumvention He comnpipicatién eabling polndes &upast gnadivétted wine pair ¢wmeetpbto dapfe, V3
IS a pre ' pr. nabk giea! LED.d S ar .tV JEAsULLNg the
hi ghest [g)gg%%\;né{lﬁe l}(gfog\%xlat ageS g%éztﬁ %f \égtl“g%ﬂ %H@J%haﬁgneﬁ/a%@?ut esTQS 1%adqn power
is not ttramwitietted al ong the |ine and when a resistance i s connected

bet ween +Vout and .- \out .at .fhe_ output of saj ower , s | istributor for
Phe Trre Va1 and AddRihel i MEMIRE WOl & EreRONShLRMRRNY of AL LUO!
arrived iatenhiyn theasomirhmgcdtibe chbigpeiatiugesade lvat teo okisted | wisgpairéoetnnéaed @ peri od

f a few ninutes when is not t itted along the | d wh
s st artaEh 10e GO RABETPAGT AP BYSE £V d ARG Pa AEGE for BFt S080 power

suppl y ditsiéh daedis @fandn@itted. e 1ine, VS is a predeterm ned progranmabl e val ue,
whi ch represents a typical threshold value of Vin at which a node power
suppl y conmences b ly _power supply distributor is operative to provide electrical power
along the communication cabling without unacceptable degradation of the digital
communication.

Additionally the communication cabling may include 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

Further more 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.

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
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

11



Vout Tl is Vout neasured at a first tinme T1;, VoutT3 is Vout neasured at: !’ (03
second time T2, VoutT3 is Vout nmeasured at a third time T3; 10is the
current flow ng at the output of the power supply distributor for the line)
IL 1 is the predeterm ned programmabl e val ue of the out put of the power
ShTEL, SEBPE L' el Bn el Dol £ s IOSPLERT, DR RERSAITR L
for a peromdctofsaid dagavcommuriesiontvencgnoamr vnaslhmobmbmarn&mhbtnede ahoncgnmhﬁ l'ine
and when.np | oad

. i S..conpect dat th f th u di stributor
For t e T1ege® Aypibfaifi P Sirkéts Shg 'yt bF s 308 LRUFRIR of PiphogPSidrani o
val ue whhitRaticn atd repedm@tcubxmtsrmsmsn@ab}lneomemlblau:@ dbahdiedotia tahiteg Whd @nt | O
for a peS é‘gg of a few r’r}gadu)%es when power LS not transmtted al ontg the line
and when>EERBsPsILAEY & REWETHPREL B8 M VBB Rals PPesilE tatrerofetootieput  of
sai d powRanagdpRhtandicohirblRil e duttend ddRsUhftRn of Snbde AdnRéBdEh&Rty ned
progranmmabl e val ue which is arrived at by neasuring the maxi num peak val ue

of the current 10 Fustheninggsqreapcevity afpé#ﬁf%mwlmﬁf@swemsnwatlon the
transm t figdindlu@Rgatdiea kbrﬂxﬁuﬂﬂﬂxo%’ﬂcé?@ratd?aﬁe Gﬁg} ekt AbutbNBicRHLPYL Of

the power supply distributor for the Iine; neasured at tinme T 1,
| OTZ i s $ombineasnd @doarer sinpy, Tz ccammum@r@nlogbur@ qma@tﬁr@d data edmreunti@tipur t her

in accor&ﬂ%?raWrtw?huﬁ'nep({og F %I tHfe TREG qﬁ@%or%mér%nﬁ)h egsez?%lurﬂ\{ﬁ %E cglﬂalérpe

power nanagenent ncti I'ncl tides functiona oring”and
managi ngand anwelurg vy suinfltero andj a rplmrglmyomfrmharo pewet allmamxrrpmd $qsmagns;raugs

current a ode. . Pref er abl he functi f or nonit ng and
nanagi ng(fsggﬁeﬁrfc% SRl ‘H“%E,?‘]“ﬁ'é %olrar?a 11t 38 f%gkgﬁﬁct&ﬁ?r‘?”é% g sq%h"ﬁr
current sﬁp;lilyeamh tIROGPEAR B gEuneival doylimjtClhe CmaxirnAr curteht ReppTE ot Heode

functionalit d ‘c1> nmoni tori ng and managi ng power consunption during nor nal
oper at i dfh "?Fﬁ%)g A% nel ude sensi ng current for each node and conpari ng

sensed current W tAitepia6i0dnaEcRRlIN F LstefetiedenbstimehtreNCHeyent Hodntloatheach
i.0 aII in accordance with a preferred enbodi ment of the present

line Ad
i nvent i g‘HL dBTH *‘rﬁo@jéaﬁa‘?"ﬁ’é’“&qaﬁ% CPRGSALT3Ler. & Ve, &tPplyufisEibutor jagledes cur r ent

Or NOr MbmbihBe al £ howHf &Pl ﬁlleaesﬁina‘dnsahbpeawxng L:Hﬂﬁ&snﬁévgﬁtammuxm%rust abl e
t hreshol ds. Moreover in accordance with a erred enbodi nent of -the

present SPRigaHRAtPHWA threcamiinggito theaodes ﬂ@aﬁfmtbmer meludeaes phralite of couptess ofd t he

fol | owi ng,safty Srags 1 Aldr o dfocaiid ppraas! mode
Furtherrr%re |% accorségglggumﬁ%oa pdrne grggocar%eﬁmmnt il '?% resen

i nvent i ¢achtdsepleubeing oomettey viarfiltepand @tSiPﬁ@Randn watpatpithe power supplysandpt i on
during nor ration t to contr the o atlo f nodes

cl assi flr&gdﬂgép‘%g?enger%“véerm@ it en?a]% fen Cgsa i %f onnteCtF&)‘iée’[ret8né5p Bying

fol | ow gerfurnst nmrdatlmrtﬁoé@wngElapwdfamrogammabigmeedeoenemdckpmddeghin&r
over-current thre redet rmne to t hat

e Tar Lo o I S RARHOIR i herar Bk Tl B R PR B O b ohe i 6

not per mvedtesh the hak GRaetea amagarbommrm&amﬁbh eBhicehthdtes i) sbwerndpaly distdtsitorone
e threshold i s defined ? en a regular over-current threshold

i ntermedi ﬁid

and sai fHIGh 200URRIRET #en? POWERSHRANY WA dCOATpInEaEeR CARIMGCANMRES tBe AR of o

I's 18 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 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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~~" 1-1 ~"~ ¢ 003 determ ned as a function of which of such internmediate
thresholds is exceeded Further in accordance with a preferred enbodi rent 288
the present invention the functionality for nonitoring and nmanag~n~ power
consunption during normal operation is operative to control the operation
of nodes .cl| assifjed as being under-c¢ the basis of.at l.east one of
Che fol Tl A eles ERur oMy S Blos e beerdRnT aiivtter kAR ¢ me
f ol | owi ngoohbinec kada pokerasupplydee commueitstianoatblingMunaéetpiatiddat £ cammedcdtione | S
selected to avoi d undesired response t.Q noise,.s | y ,of .current, to such
node is tcg?crﬁnﬂﬁttoéél.aq FQOIRG Y ﬁ(%r" R g’(‘?cc(gfngﬁlﬁt:gmyﬁg%wy%furﬁpté’f%ﬁcro%fe‘ér?ﬂgdi nent
of the predenltyiaffiitaisiaada ptundity of sthargposer alkicasisrkanid nedortthg@sirbuitsqSPBARL), t y f or
noni toring,overall current flow as foll “wi.n parallel overall current

T ow to S HPRRbcRB oo o fssam hSEEARIE <R S it Ger GHRANG AHE ¢ ne
overal | eny SEEAR fihdhiet & cO@Enp3Emer WhitiredeipésQOfoag@inhyt ik @det £psidratpply
reference val ue, and on _the basis of this conparison, the power supply

di stri buf®t CEPRIAIERE FiBRpbsVRIEH Ko RERatioRdr 8t @eaﬁugefetogaéf%ﬁheeﬁfta@gzm8@& %S

bei ng OVﬁfuitFﬁ-l'ircftﬁ RE cOhppRbFBeceiRds itel soinal frmithe AFFAN SARE AndValsh rébelikf 1 r ed
enbodi ment. of the present invention the over-current classification

i ncl udesreierergeaiatiass Yreddpmsressrieverpieeaeroyadiage urdes. furt her in accordance
with a preferred epRadiyiehle Qfrddl6 DRSS %aﬁrcesna&sgﬁa#@ﬂms fe fdiDEhdeORRbEL Y for
nmoni t ori ng and managli nhg ‘power consunption durin ormal operation 1S

oper at i veouress @ndhreceive comrad pontstfiraonmatagpoons & eanpiol gircditst ri but ors cl assi fi ed
as being over-currgpt... Pﬁéi : k:
functionaiities. i'sgélﬁg&g\g;glr%a éﬁ?f@%?’ Lled ?gl dgp%%‘rp g%mtrg@a{’)géerg%l\mlggm

over - cur & entredthiiregérodnd §vatchawhicke asteivas pet ebltagei Viedvid iheesurpotvsensoroaat | east
sone noder%vidsS eithert .r edil].lcelga Qr cut S’Jf after the predetermned tine, and
in any eVents %ﬁ‘é”%\,‘&?’éﬁe VRIRSF SHIP |¥ ot permtted to exceed a high overall
over-current threshgihgrmorbited ogtpete @ sheseombaraers|atd spphédatd mangemeny &ent

t hreshol d Moreover in accordance with a\g(iief erred enbodi nent B&Ithe tgr esent
i nvent i ofPYRECTHOWE 0 Sy mAIOrPE HREG P Rg by mation regydigs i EFRGt i vel y
power sufipbivg éirstigh dSPEAROEs not formpart of said hub. Additionally in
accordance wth a preferred enbodi nent of the present .invention the

i nt er medi at e t hr esMislitgnaly e‘“d@%"P?ﬁ’é’&Feb%fith"er?r?fFféedr &tirdimenyy gf ghg present

over - curin@dttioh th& a0 lndivatda Ue cBinehinR¥RInadoncdd@ior,GHE p&I: shpyig aghvhtand a

predeterm.ned tine to cut-off is determ ned as a function of which of such

i nt er medPetdes hroghiedand ¢ axveetpalysthe Fommynieation| qbligcenraafie dhaidelt a

pr ef er r eQaeRDACkHTR tonQhntrhidf VR ﬁ\%%hbln@y?c?ttﬂeoﬁbc{egearﬁotﬁ@rc AURB! YncHligal i but or

is operative to report a current |evel classification of each node and of

t he poweHurslifypefycatiplstsr ¢ashitafrwhich imgludsst drieast arneii aforansfgrmeeys teaph Prdng@abl y 19
I ' ' (N j i f..an

Frpents s shuR sEd fepr nBleoh Moty B OESORNERHD, PBE bk PR 2D ety

t he poweronsacpgdl therdiost ri butor is operative to provide at | east one of full

and no functionali operation to.individual, npdes i.n i nvol unt ar. Qwer
managenent oper at iFt(')’ﬁh?—Fd? fre F%B?eew‘tﬂh%prﬁéﬁré# e‘g%‘ﬁmmd)lf g\e P feﬁﬁ‘ftd?vef‘ég%glg rative

i N accormanacudés f dafa doRBRiniGO6R coficehtetord thd powdrOsuppliclistiinadsd Ingludad &i al |y
det er m ni Fg’,the iot al rpOWE{ aP\F/:ai | abl e toﬂi@&).as wel | a}% t he tot al.gzﬁ.ower t hat
it is cUPFEHYS $"Sappre HEPYo eHeMTygKato BRGFOnRES theetapetommytieatiop

bet ween coh€nerator @lthd &3mbinGAWee fo@ES biiPtht @BmbiAEGhellifes ifurgkityERbugletkal

power availability (TPA) If TPC TPA is less than a first threshold,

suppl yi f8Ch af Whishiiatludes ahlrast e ienstprasesv ik isngataeried i thatibrictudsea basi s;
and i f TEGnERA WhicAiE3PR intd' @M Sepaftd Wehdirps ?&%BOJ apalil NGt RaomREddf 1 1 St

t hreshol d, di Sconnectihg power to individual nodes one-by-one on a

pri orit ibeeken sy twvoHspweate windingspRd/Whizh affsctivelwaanectsthel twg windingsdn sestesnd

t hr eshol -l ! : : | power, and if a new
node reci;%iS l}%ﬂéﬂg%“veél’r:)n g rc?jﬁséi)ﬁtoéc,;‘e%gtﬁgg{ lrs1<g§;;}ma 8mﬂg€§bﬁdﬁg$r{rﬁ'han t he new node is
currently receivi 8gll pfuveber, irdiascodames twithg at preferredeemtpdinmnt tof thedprefendm power
and connecting the higher priority node to power. Further in accordance
with a preferred embodi ment of the prgsent invention the power supply
distributor is operative to provide at” | east one of full or no
functionality operation with energency override to individual nodes in

i nvol untary power nanagenent operation. Preferably the power supply
distributor is operative in accordance with the follow ng functionality in
i nvol untary power managenent operation: sensing an energency need for power
at a given node, and thereafter assigning a highest priority to the given
node Additionally in accordance with a preferred enbodi nent of the present

i nvention the power supply distributor is operative to provide at |east one

Y r 1 .



between said first and second thresholds, inquiring as to whethef & hegn3
node requires power, and if a new node requires power, addin; 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

oper at i Ve, fofiBh Ml i iﬁauh@sgé gatgrasmmumfcmdnl QncfPralinsil %Qvg%'ngggéﬁe%gsﬁm&on on

a tinme-sharing, prioritized basis In involuntary powe

Addi t i ongidiydesr a a¢amenmeat 2 vedwert bepppowde eumpplnicatiogt ¢abbug connestsopler aiave in
accordan i e | i Nnct i i IR0 nv nt ar.y_ po managenent
oper at | ogomnitaotPedrih e LUEHLRRZD B obls) MUY R es TR 0
t he t ot abf papaertors haichieffetsvetublbendC yrosuppdynguge tiata abhmnaiden cdedearraioni ng
the rel ati onship bgt n.the current total power consupption.(TPC) to the
current total pomegmgev@ftpgbi”} iafﬁorgﬁ“ﬁ%)”f” § 2 %%WAC?‘EO%B%@ ?tﬁglﬁg #eﬁ“}tst

t hr eshol thvestigapthygihog ifidMides podwed cdrdmatlclitioh @badenINGE SheOPBvdd ¥uSile dRtribator
time-shari ng. prioritized basis; if TngTPA is.greater than a secogd

t hr eshol t° '%Féaat YRR P PP StPRAr BE HOMPIUNFALER FAUEST FRIVESWERE £718m

i ndi vi dugdmMAHREiAN@SnEMTARE v the cBhbiakd dZRAnORSE, Mnd thOMRMERer cbpA&G/IBA 1S
between the first and second thresholds, inquiring as to whether a new node
requi r esPHBWEF capaciters nwhish Heflecriveln HaskePCpfp®r fepghing the HelasearyBURiGION | t has
been recgipbmgaponer for a longer tinme, which is above a predeterm ned
mnimumtimnme, 1s currently receiving power, disconnecting power fromthe

| ower priority nodéddinenadyninegedondgnechevithi ghenefeped ognttogdinmemdl eoft theppreesnt

Add' ti .Oniﬂl/%lﬁidnnthgﬁl?tp fn%ﬁﬂi%? agfaIahco?rbnR{n?Ja%r( Q&CS}IP %jr' m%q;tow%; 51} r;])? &Et?‘%gt%tr

i nvention the power supply distributor Ts operaatlve t'o pr0\P| e advance

noti ce tiocladerodeconfbireer cdnd ng@oivar tipp!yp ahe commubizasarppdblieg dohsgcet che data

Furt hernpre, t.he. power suppl istributaor is operative to provide at |east
one of 1ol B Rt ATRCH Sty R bt raies 8t I ol Heaes ¢ n

i nvol untseifybahmeig copueRgelE Undafasfatnmedess Bsemen alaldy céupting oivgsit. suppl y
distributor is opebrafli?é in accordance vvii.h at | east sonme of the faqllow ng
functionality: ini'tf'5i fr et IR RHOThEOHRE At eTisRePelutraia saprRareandt as

vel | as gakeofitfindornpesRacH Mding 4 ceher G fat £PlihYryIhRBIWIIGhitR 1RIDC vORLRSS
determ ni ng tgg}orel ationship between the current total power consunpti.on

(TPC) t S¥ AL frrenth vige af 2 pEiied P&y SR neBed R TPA) . If TP/ TPA is |ess
than a first threshlibnafyBPhYdrRGivElY the BOMGRENLRIAS dhdiing NRkrRQARSIL@REs Y- One
on a prioritized basis; ifT TPC/ TPA is greater than a second threshold,.

hi gher tsRRATatof iacldding ot d4apte oo transfgraguicvigh powkaraatesized di vhal uislingheds sa

one- by- QL Qi t I o : ] first
and secand e pRufit Gk e 2t Raakae wiAEY Bl g badlobhleh o Bor BB R e o
a node rthewe ssparmtkdiiniimgahndwiush effenidely fcosneatsvherbrtewindpgs rmeserippfuerhighy a
node T equil g5 AddiLORal. ROUET.ANE A RS, NAYL A - | ower priority than the
new nodée 1s_cor rgents’ly recei V|yng power , reé’uc?ng power to the lower priority
node and suppl yi nGupesiord ahd henmewwidaoe’ osblingCimated powees tao separmoe 21

. ? ~~ ~ =~ 72,103 requiring additional po till further i.n accordance
Tith 3 SPEPERPES BHSGRIErYEEh e T SO oS b HEe poerinathstiy

di stri bubaé comeOp@ihdtekdy/e to provide at | east one of full or reduced
functionality operation with energency override to individual nodes in

i nvol untary power AddiNapdient aSpREAHCE oHith Adarafsredarmhodimeny| obthathressnty t he
pover s gRihod HRtdohtiinRiarib®s QBRERnte¥Gcd AcREG daRGR WohBriliRe 1l bhife NI
functionality in involuntary power managenent operation. sSensing an

emer gené€gpasiers Whigh ebismiarelnblogk BCfeam reaetang adala inpet efafnode comstighihereta

hi ghest priority 1. ive r ] CCAl: Lt referred
erbodi ment of ¢ he v eI kBB Gy Ma ARG HoAC BB P IEE AR MR’

oper at i vepargsoprinahidde atselfedabmciogecaphiciforddss omdr gdusfachef-iess t Goomadn tnyode
operatiggquguq%&PntrolIed priority in involuntary power nanagenent.

Pref erab Q’~ the power supply distributor is operative in accordance with
the foll ow ng funBirtieai ddcyrdaieiwithal prefeaéd/ emissdihentaf dg @it io@atiah then'
initially determning the total power available to it as well as the total
power that it is currently supplying fo all nodes, determ ning the

rel ati onship between the current total power consunption (TPC) to the
current total power availability (TPA). If TPC/ TPA is |less than a first

t hreshol d, supplying power to additional nodes or additional power to nodes
which currently recei ve 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 the first and second
thresholds, inquiring as to whether a new node requires power or a node



- 2,! ~~ ~-=1 2003 supplying to all nodes, determ ning the relat}? Qighiopg3
between the current total power consunption (TPC) to the current total
power availability (TPA) If TPC/ TPA is less than a first threshold,
supplym- full power to additional nodes one-by-one on a queue-controll ed,
prioriti zedepeeriesitive fn IRICATFARtionglite aa@ plegrapdefuseooaldtyt hr eshol d, hi gher

than said frst thr %%ilﬂplﬁﬂ'therdiugcagmg En\gxtlpoam%hfér%g'cﬂ%ﬁblﬁgﬂb oPAHESpresent

one-by-one on a prioritized basrs. wever, etween the first
and secondvanhpesheohatl:, ingindpsiar ¢amgoller, & Withist thenitoaing ewcwiogleatrlegptiione popewer ,
and if a equi res [ I e .10 t he
queue, Adupty SR8 RS ML LE SR Yelein BSHNGN 1ol BOLCARER ikl KR RERARLE
present iwhigntecanestheonpoiveputSumpthy sensst rs et e 2 contpépat frve thompnowimge at

| east OnecirOIli fu‘ljvéi pr. no N upcti onaw% op{srgti on_on a tli me- shari ng,

prioriti 280" B4sVeT F V8 Rt APV HE FEhSGBBNP OV AJERY onal 1y or
alternatively the pddeiondlyppl Vcabrddned buittora pfefedr ambydimemt afabd dases Wit h

the followi ng fuynctionality jn vol untar 0 nmanagenent operatj qn;

ni i al | yYRALe FeIoNg AoRAILUAER AORe FURRIA R B eIo i POFAT SHPELH: AR Wit h a
power con&@{M@trE@l@rgawge,@@}a@oru@JAjena&t,t he total power that it is currently
supplying to all nodes; determning the relationship between the current

total power consunpberers furhen proyidedén aqsprdente wisk 41 Prpfsted cabediment pf thy
(TPA) . I fpresBidRAibS a I RESrda R SRk ﬁdc!ﬁngti‘ﬁlﬁz,sgghﬁali@ WPRbYES NPedmthliniPAiRT €O
addi tional .nodes one-by-one on a tine-sharing, prioritized basis, if
TPC/ TPA icgbl@géa@@ﬁtmmwg plurgbty i goddsrte dKgdiul forgarevidiag detaamameningbafipn,sind a

t hr eshol i q L0gi M - hy-

pr or ¢1 2240 28PR ELBRS AeRle g AP HL e e BREEEP RIS ARadhofhe

t hr eshol @§,thé phuality mf amies vianthet bemmanipaionnaditing,ethei pazer pampply, disfribatanode
havi ng a, riorit i sense that it has been receiving power for
a | onger “{cli)dr@{g p\?ﬁ?ﬁ‘fegﬁ'{afléslgegﬁrgvéé&§oﬁa§‘éﬁet ermned mninumtine, is currently
recei ving power, difsteninactdrdepceeitkn pfaf@radtdntolmveat ofthe presdry imvedsorathel

connecting the higher .priori.ty node to pgwer. Still further in accqrdance
with a pPOVEDUREERES MRS eorHaS hie uBRlY of BRASLS Bieith ombakie BT
di stri.bubphodes vip BHeatdnvurdiQriPisOdabl Ry, HrefedBi theNRWRE mdthfentind fiitioasdy
functionality operation to individual nodes in vol unt g%}%/e&gomer managemnment

oper at i offOMiLdi $1oaMasss dhe RPYeT FARFTRHG tHhethpotRdes st Bhestths R i s

oper at. VeahipemeOTENcMi tsbhsed dversireROBRUabbnsd RAd f SffdcRNpBEef Wedffsonal ity

initially determning the total power available to it in accordance with a

power coAREPRARHS on programas well as the total power that it is con-ently

supplying to said Qigdesthefdel &IcP3BIRE VIR 4 %?éf‘ér‘ré?i”%ﬁ:‘b@di%ké"’%?_”th& hGreSat I ent

total power consunption (TPC) to the current total power availability (TPA)

| f TPC/ TMEentiopn| the powlsmmapageinerit fupeiranglirg| eperatespipl 3t lagst fagie | of pamwiavotugtary

addi tion 0, - by-an it i i 4 ~~] 03

Tra e o Sr Aa g oA BLE VBIRRRE doNEE i BleRens ok Brefiralyt Th (R

t hr eshol thvolus@dgrpaver poanegenteot inndk vf opeadtionpifele poneerlsppplyalinbuonsdnsesi | zed

basi s. Hg}/l\]%%{grbfjnf é‘EP'CitTPA S aﬂet.ﬁgeern sai d tf rst _and second thurneshi Lsds

i nqui ri ngAEOT 8F AETHED ROWSEAYABRYHY, G AW ESHS T 08 OVET St R rAHeL

addi t i onedblippvethe mdek, inf supplizew refudted amQuntr Fop@WEd aDleadd somdfrtBe nbde3s

addi ti onal [_Eower tﬁnd a nod% Bavi ng a,l ower, egri ority than the new node is
ar ¥ SRHoUHS ;

currentl EB5Gi thy PRYSYPPY AU 258REPVides CAEOl IBaS 1hihe SPAEY OB and
suppl yi nghepayBperkte it NRINWpHOGEndHe. | NCreased power to a node requiring

addi ti onal power Mbreover I n accordance with a preferred enbodi nent of the
present inventionAddeioseigein acqosdanceivetly jap prefaredsempedimenty af the e ¢rlde at

| east ongyafiioh Wd ydﬂfntz{r?gg\g&qm{dd%én@ RRlE LY oRRIGAL Halcdd fdieR ARLBBNRY is
override to individual “nodes in voluntary power nanagement operation.

Pr ef er abmgndated apespiain tiugsof seddéedagitiivt or i s operative in accordance with the
fol low ng functi oRallio, jan Vbl @ik a%qm&ec{%nl?(ﬁﬁmﬁtofcﬁpeeﬁr@e!npnfveﬁt%?xs' ng an
energency need for power at a given ndde) an ereafter assigning a

hi ghest priority to the given node. Still further in accordance with a
preferred enbodi nent of the present ihvention the power supply distributor
is operative to provide at | east one of full or reduced functionality
operation queue-controlled priority in voluntary power managenent.
Preferably the power supply distributor is operative in accordance with the
following functionality in voluntary power managenent operation: initially
determ ning the total power available to it in accordance with a power
conservation programas well as the total power that it is currently
supplying to all nodes, determning the relationship between the current
total power consunption (TPC) to the current total power availability

—— A\ T r ——— g | w—— s o " o,



Further in accordance with a preferred enbodi nent of the present=ihvglit 2008
t he power managenent & control unit conmunicates with various nodes via
control nessages which are decoded at the nodes and are enpl oyed for
control li whet her full or artlal fyn tivna ity i ro ded t her eat
ST %F ur ke POYF Sectimenb e phIRy gpapass B aitoots Abrbe PICREs ohesene!

i nvent i onelef@nPOWRETCRAAYQRE RbmAuGRANIGI cablihi BRMEESN tthatodéﬁaltaswmay\etr ido
sai d power supgly distributor is not avail.able and sends a control nessage

to cause HOHUKE {OUBBEHAPRVITPVAT BRI G o BRuBEHNBOREINS W dusraagatidy t he
node i ncl yges: AeSE M6 Rde§ bisedlht leXst oWhElts b8 ik @i fihE @bmPAhRaddAk lcabling
functionality and reduced functl onal ity operation, and non-essenti al

Ci rcui t ryCOnRFHON togiodes apigpre-defined pargmeétersgsepding suehle Figtplng rmeseagae &qithe
funct i onaldnice GRES Bhi QBodriiid efus IR 2 AFCOLARRGE W 12 adert@fa%taqeegquwent
of the present invention the node includes a swtch and a confroller,
control | i #gfiathe operation of the switch which sel ectably operates the
non-essential ci rCusl:ttur@nfete‘h%&t}ldxnéeh%wﬂpqe RkSQ! E'rﬁﬂ)&ﬁ(?rﬁgmaofp%’ée#)re%mply
and wherein the control is operative in rgsponse to an output fromt
power supiplentidddhd p@mlmqnammat ﬁmm@rtaixtbednyy the imvhdie anbeystains of thedblileing
sensor and wher ntroI operatlve i.n. . response to an . nput
recei ved E‘ngﬁngal ngegﬁsazlp AP W&?‘S”f‘% {c &% rWIRYE LEhE | PoRYep SRRy r@%nblﬂgn
enbodi rrentormfspdnhexgubese:rﬁ tol Memnitl i9 nntbided B NEMEMB e;mues oder\thd tagmuhlemeins of

el ectrical ower ei n lied to, the r sup Furt he sensor
al so sens@pPH %Wsté"satée’gfﬁr# Pg't"erstfa@‘ﬁ‘alss‘f’? ét%é‘lrﬂ??‘t“tge# LE?%F%‘F@ Va{;'FQ éfo tage 15
comuni cagipi tifaahl drogtdrmtidd bR rfemesle BHORbM teSihe P4k ied ¥ hdving A difage 1 n
accordance with a pr ef erred enbodi ment of the present invention. the

cont rol | efreseatbriees famagrresnal sopser [fthe Absottee peluppf he ypltage inat &ighPhet hat
Mai NS POWgL ;Sréde?é@hrle@bbz%gra‘n{mé%lﬂ;ertﬁrkﬁx%lé hg S\WehCMinugh had ao%\‘@iétehﬁmed
supplied to both the esséntial circuitfy and the non-essential circuitry
and when nrﬁeaeaﬁbtedtall@rand@@éfpwégraasmmd risingithplive fTherertdiethponbirgesindhy

i ndi cati t hat
suffci en?& Brgnmtzgrre I’Eﬁe‘a%?/%d?@"tﬁ{ oﬁtéut%??%%ﬂ@ééﬁéﬁ% ?}gorltjté&?g ﬁ,QmE at ﬁekécsgtr?? ?ol | er
oper at es prédetesmirted fpregremmizblattinpobesedi on gepforigethst medthetnentlsehestsmﬁtqfahe
circuitry e t.i al [cuitr f roll

receives a%con({ {?1&11 Po wﬁ ?lﬂds c‘t"hlgaedgz\‘/\rﬁrdesﬁrﬁ' & P?%a (E%tl edette at?%}l Oﬁf;the ower
IS not awsthsadflitiee nuda ahdtaterbmwefchsiuppllge,st amcbfttﬂrﬁefoﬂewsgrdelenﬁﬁmctatres t hat

sufficient po bl e, .t I tch such
t hat adequate*ﬁg S ¥§ﬁ§V f>‘”HﬁﬁP§ﬂ§§c% Fﬁép&nggQ%ﬁW%ng ightlal
circuitry and if additipoahuppmernpeyond that required by the essenti al
circuitry is alsQ able, it is supplied to the non-ess rcuitry
via the sw tc%ﬁ%ﬁ% %H&T | | yWﬁET\aVP‘étrﬁgt’ AP g%@B%hpﬂqgrY’hgﬁE%Fc@ Try
receives a user input indicasi pgraq1iftemti;gn to use the node or a control
message via the communications cablin ndicating a need to operate in a
fuII-functlonaﬂpﬂ#lthe“ﬁﬁaqV§mﬂ§§b8ﬁgﬂﬂe thereto for causing the switch to
cause sai d node circuitg lity node. Moreover
in accordance with a preggrreg Oﬁ“ﬁgﬁ?oﬁﬂbﬁﬁgﬂgfﬁgéﬁ? i nvention the
sensor senses Pé)LvIdDAEgeWI-EIéVomﬂ‘leVecﬁtNIDéfaiuﬂfﬁaWérAlb’@lVrgnEm)f:ﬂ ied to the at
| east one power supply a preferred

enbodi ment of the preseAﬁﬂih% |on %Qgg‘nsopgggﬁ>wcmcontrol si gnal
transmtted thereto vi aTHEARSOTIWTE YALWTEIOFIDTRRE GR v~ o, A~~ zoos
fromthe power supply d ri ~t = | accordance with a
preferred enbodi nent of*@ﬁéU§#§3£H$Q§%38§3?69¥?ﬁ§ node circuitry incl udes
essenti alwieade circuitry and non-essential node circuitry The switch al so

i ncludes an essential node circuitry switch and a non-essenti al node
circuitry sw tAcTHOIirceﬁ‘%rca‘Eﬂ“}O“t‘hé“‘c’GrYt*t‘%h 3 Boderig peti cpprecieddd Hed®e i nput from
the at |east aneHPRWEETRIUAR! bndindh GabANG dHiRE aMRbATIRAVEEist %cﬁ%@beﬁtb\lee

said controller operates the essential node circuitry switch and the
non-essential node circuitry switch such that power is supplied to both the
essential node circuitry and said non-Essential node circuitry and when

mai ns power is not available via the at |east one power supply, but the
sensor indicates that sufficient power is available via the conmunications
cabling, the controller operates the essential node circuitry switch and
the non-essential node circuitry switch such that power is supplied to both
the essential node circuitry and the non-essential node circuitry.
Furthernore in accordance with a preferred enbodi nrent of the present
invention the controller receives a control input fromthe at |east one
power supply |nd|cat|ng that nalns power IS not ava|IabIe V|a the at | east

o o o o, b1 Y Y 4 L,



Further in accordance with a preferred enbodi nent of the present_j?vgqﬁ%%ﬁ
the power supply provides |imted back-up power Additionally or M 3
alternatively the power supply enables intermttent operation of the node
in situations where only very limted power nmay be transmtted over the
comuni cation cabling There is also provided with yet another preferred
enmbodi mentrdgregttive e 6 of thy &A¢ Hestream o EgInode epiniketipde-k power suppl y

di stributor fof \i8q dRDAhEFBh i5fRan RELNCS Kedwotl Hill g éaxjaq?ve Bndbifald ty of
nodes and comuni catlon cabling connecting the plurality o nodes to a hub
for providinpertedi resakthedomautiedats on t her ebet ween, the power supply 28

—! -1 2_008 di Siibiban, BSidIb-0RRhaL] ¥icha RAAYIEIR, Bha! 8380 TR RARLAL T N0

power to at |east sone of said plurality of nodes via't comuni cat 1 on
cabl i ng. dewss berlinent diecodelance with a preferred enbodi nent of the present

i nvention the | istributor is located wthin the hub.Still further in
accordance w t\adjgglb%/‘éc?télg? %tcfP% qgﬁioﬁéhﬁtpogfe ! f%\éwypjr;ség%%?ref?rnt\g%%ﬁ on the power
supply distri bt ¢ aisedetgmined pogramamablichexhleuwhidhtiernamrakd \aelby hEsurvee

supply distributor i.s |qcated partially w fhin the hub an artiall
our o e (REMeH, BEARHIES GRRPIGES N o oy tiated O et pite, PaE RETaIie o
t he presefinsthitté@alon@hetiiR; oper ati ng power supplied by the power supply

distributor tg at |east some of the pl uraLr'iéty .nodes via the communi cation
cabl i ng i ncl ud&sShadrerstepBited Pragrimmablg vatier Whigh At agivedidt &Y iPsuriepiigt er r ed

enbodi mengwat vl oPVBRARI VHRENE ipeiod s b miMféUlR: povtatidnGafarRieat i on
concentrator, the power supplg di stributor includes a conbiner, and the

conmuni c&#qngibebrr andgvenrmnelead istapanegtadbebmierityioshendnyorbtidbhewtptt X siif a t he

conbi ner rpgg,egggﬁ, PQH&ﬁbutWoﬁﬁl\é% in accordance with a preferred enbodi nent
of the present PrAvention the hub includes a data communication concentrat or

and wherein t Y8 powpredsieppingd @regramieitiorvaiug velligh i arciaededt by mivasuringethtub.
Still furh%ﬁgget é}%ﬁa\?a?u%r gfa le?aé\ém d{/ 13oPEh&E A6 § r@&d%[ﬁ’ﬁ{l% ent E'o%v rigsn%?t

i nvention ncl udes ata co ni cati on concen r‘§$ or“and wherein
sai d poweransuiped ylook g linkahdwhersa alssantais avredctad bétivaert Héothabd &Vt artbe udes a

pove SRRl S ST AGL o o FRPRRTER CoUD! 119, Po2er, from he pover
conmmuni cat i onvdoc enpreddtérninddr fogradrhablé halue owhichels profetabtiearrvedl atrby i ty of
cou.pl ers ’meggx?irr]xg Ct)I];e }wg]iie%thpeiaﬁ 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,
VS5 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;
IO 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 O 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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connected to an output of the power supply. Additionally in accordafcéi\izn3
a preferred enbodi nent of the present invention the conbiner includes a
plurality of couplers and a plurality of filters, each coupler being
connected via a filter to an output of the pomer supply Furthernnre the

corrtbiner ma 0 I Rl ers ur al

filters and axplal%jda?rle?& H’?&dnﬁ H%A\A%?eyagpo% ion %I régtl)jlglt fnﬁ%f‘urm UI ts
( SPEARS) miesmim galup Ioérhehnerretg I@dnrrtepemd of e deva nﬁmdtesawh@nﬂwar SREARartsmm
out put of th accobpance referr

obod! motonane RIS ¥ res (Rt 5 PO eated SRR VR0 SR Wbl Bt des a

power supmﬁppwandmbhehﬂﬁMBbrﬁumpmye|ncludes a power fallure backup facility
29 'a % I ? ~ ?2~~.Still fur%gﬁ ~Nn a cor dance mntg greferred
embodi ment of it ap‘?ré‘éeé?ﬁ“”?eﬂv%rﬁgraﬁlﬁq e VUi HEs S HEVHUas Py Braivaie i of

coupl er s nakthen Peblk ahlub Yof @he birtdhel®, foﬁ@‘b@n@@@ph%whﬂﬂnﬂ@s GMRAgRE ivhet a
filter to an output of the power supply Preferabltg t he conbi nes i ncl udes a
\

plural ity aB‘f‘“‘HS‘hﬁtoég Shealing 3davhenalo logd B coppsaies & they QUBUAT A& PPYS DPP¥mar t
pover al Yagalut@RTorRdiih@porting circuits (SPEARS), each coupler being
connected via a filter and a SPEAR to an output of the power supply

| ~f or eover |n(aEbﬁﬂ@an%éumﬁ@hﬂﬁfﬁteferred enbodi nent of the present

i nvention they (5’?17@15%%561% &tqﬁ?e?z Rhyrality of couplers and a plurality of

filters, each cou elng connected via a f Iter to an output of a power
suppl y. AddltKEHhkﬂanmmum©mmumé§3nay also include a plurality of couplers
and a Further in accordance with a preferred embodiment of the present invention the
power management functionality includes functionality for monitoring and managing power
consumption during normal operation comprises sensing current for each node. Preferably the
functionality for monitoring and managing power consumption during normal operation
comprises sensing current for each node in a generally cyclic manner Furthermore the
functionality for monitoring and managing power consumption during normal operation may
also include sensing current for each node and comparing sensed current with programmably
predetermined reference values for each line

Additionally in 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 includes 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, sleep 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 s 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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plurality of fclters and a plurality of smart power allocation and- 2 1y 2003
reporting circuits (SPEARS), each coupler being connected via a fil ter anﬁ

a SPEAR to an out put of the power supply. Furthernore the conbi nes nay al so
include a plurality of couplers and a plurality of filters, each coupler

bei ng connected via a filter to an output of a power supply. Moreover in
accordanc‘ietevwmhdaSapffuetteerédvhecﬂrrblfqulrrsmﬁrmﬁfdl&thélrphelsiemtexcwdeht| on the power
supply distributor e ro al...power _al on

comuni cati on cabl F&%e?%{] “3%2{'@‘8% éjle'tgordgréérﬁ Ohhggfesf’ﬁ m‘ﬁmgo?&

conmuni cémnconnahsufdrheonuonng(anmmdaameg wn\vdsr @npurepesnr mdugnhmﬂnnepﬁratmfn khe

present i nvention connunlca i on incl udes at tw st ed
wire pai rPEonned Cor(’f“f feRER IR Blen %R &W'Heggs bﬁlgﬁé’f’g r'cuW%frPé‘r#fg %P\I}ﬁé
tw st ed Vdakteopaiof thd @sighvidind &ihmdﬁamub§ ’ltsin 4 rralagvely tsaekt ;J?é@‘n@mabhynmhe

power su .di stri.but udes a r supply interface and a po
oty Rlotit it BB b BT R Sotinatice T R S dchanise BAES dnovo
concent r ahdysirad Rsgolise tDAGRE, sEpPPbcurRheb kadhendde id taeningedgs, and the power
supply interface includes a pl ur%I ity of filters and a plurality of smart

power al | ocation awtl TEHEF '} nAFoRipRas] ‘t"gh (PERgsd eéé?@ﬁ‘“?eni t&r tf‘l’:%ei”t‘iﬁem
connect eﬂv&ﬁtﬁm&h@ﬁ%@ﬂé@ne@ﬂo&%dﬁkﬁes %cﬁ&ﬁhﬁpﬁ&? moRHeRYc oveﬁ‘ﬂldduweﬁpﬁd\b ¥sm

accordance Wi th pre erred enbodi nent of present i nvention the
comuni cEdlews iaaefailplgovendl eaest Baw F%@ib@ftbmmﬂ%%’?@%ﬂ Of the liped isgnanifaredet ed to

each ”Od@h%r@ﬁl HOSTEAD LH%‘AFFI #c@ﬁzféﬁ: &S/fttf? ggéé%mﬂxa%lw pﬁ‘% REbrffdeq BRldhce

di fferent om t hat a ong reover in accordance
with a pvaétﬁferamécbnembdmsrﬁmftthofcqn‘rp@npme$®npowcrvampi}odxstr}betdnudmdl thelnedes a

data co n, concentr ower distributor includes a
rr&‘)u c(fgt} ¥) éiéee ogﬁéerc aﬁoﬂeat ebeglélover-ésl.ﬁpegc%

power supp y |n Wer sup m?‘uni’l(:atl on cabling
connects the dat aAcddrtmnaﬂ)cart |apmrdmeemfr at prefetrel teimboqbomr oS upplpredent er f ace
to sai d nodes inter e i ncl udes a
oi ur al 1 £V RS SRR o et B AR B8R o
reporting circuit St SBE:ABS):; aeatdunte |widr abprefertsdne@bbdisiemi af ahSHirdsent 0 an
out put of the Still further in accordance \Mth a. pref erred

RO Y
enbodi nelAYeHen th \Aﬁmt@g@m/ OTPENIATEH 2P MAATHNG REVEEANSUMRHAN AT B AT R | on

concent rgfefdtion idpeRAWETo BHRH tNe Siebdiioh REpOKer SABHIY ABSritt6ro BREMREd Atding powver
supply, the conmunication_cabling connects the data conmmrunication

. concent rYMEHFURANL O Hig bagnpi #1deast @etqﬁéherfaa%mgtﬁwne%ﬁﬁeﬁéf thepveia ggrrgnt

plural i tetcadds ¢ Q4pla bFerANGVeR cfrdH: | ﬂrésrhbﬂdqgr t'léatsﬁﬁ ?re@@t@nﬁnm ha! ddwer @f assmart
power allocation and reporti ng circuits each coupler being
P

connect depsy pamanddes tseithemygduceSPEAR afbaften tl@mmfpd@e@fmftdh@npmrm suppYsnt, and
each coypl lerlifgudnt i€AR pel Wkl 5 eSceed QH%Ie ve lq: %vérscu(z:r%gpﬁi(n:ésﬁgldt Qhfkppor t - of

the data conmmuni cati on concentrator an of which i's connected,
vi a conre¥pgedsisaidbregelabdvierad ovemcuoreat thfeshdhd pl ur aI ity of nodes.

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

Still 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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Additionally in accordance with a preferred enbodi nent of the present

i nvention the huh includes a data conmuni cation concentrator, the~ powéd 2003
supply distributor includes a conbiner, a nmanagenent and control unit and a
power supply, the conmuni cation cabling connects said data comuni cati on

concent ngd @fstibudbriifpeAR Reholif9 ddass BOERImpéddenL HIREOQ! tHenGlrtdesudly
pluralit t%’/ of couplers and a plurality of flrters and a plurality of smart
R

pover altPesetat ﬁeﬁtlamrl)r@a@ﬁmaﬁgeibrfrecweé SEIEARE b U AE RPE NG OrPBYls gt
connect edsvbAe f filil &I nBMWn&ioREEAR Jeiah 1O U dHUA T nduBeiPANBIunEHPRbYer and
the SPEAR is operative to report to the managenent and control unit the
cur r ent MEGASATAGE PR a node connected thereto. Still furt her in

accor dance w th appielablefle SRRRAWIRN dofihRP PEEEN ihLEDELRR difieghub

i ncl udes a data conmuni cati on conc trat or, ower supply distributor

i ncl udeseast worbifribe fodind/ing ﬁuoma@fb{pp‘ﬁtya“ytdhennmmgMe walipowecatﬂiliabﬂg tegnnect s
t he data (of0) ica n_gconcentraft or he o th nodes, ..t he
conbi nef” i nezzﬁruudthse i\mg urati tt%?/t btflscou tiir té”%?n%i gtr Iura | d%?mfulnfr{gerhse and a
plurali rqlatufns}sgmretwere@mer curtdno carbli ;ruweamdnsrumpoom |('ngcptortthurch3er(t$aElABS)/e;r each

coupl er b C ter. and SPEA an qutp of the power
suppl y, Q‘?We?%l-‘\ﬁdgp@%g%a & then) 3 rﬁl gt f}ﬁ‘és xrsml%rfﬁérﬁo‘%ﬁp‘ﬁl ied to
a node amnacat A6k ds AL BY Qne Shid ;anfrklilzéd"llﬁﬁ’srsl BndRECIHGIEPA € Yehtbr thaphateinded
enbodi ment  of the present |nvent| orLPfdhe hub i ncl udes a data conmunicati on

concent HAgsgPld, t*}ﬁ%heﬁoWé? Bifht it direttpldy fisronnerting deave Kontslivigralafadess power
supply, ohdIBy-6RTBH A &ﬁntdn%li sadd LAy N NE TP S/ TIPS isUfd@enOim! B%s@%& QBcond
concentrator via the conmbiner to the nodes, the conbiner includes a

pl ur al i thyesgeldgongiins anrdwaetheius asw mydq)reqrmrﬁrsuéwsenam i a lewrr rddetipqwres s mar t
power a @g% r i RS) ,
each coh(lf)l er gdr%(gdgglgtﬁﬁg%t %)W}glpggmyftﬁq[ glre '*éhvd“é* eéﬁ’é%gé]ﬂg rrgﬁé'\gh g?@g}f‘ t he
power sdipginpectimpgdhe loeveSPHARY inodo fremgrowge andoccame@img ttheckizhey p@pst)omd@do a node
connec:ﬁi‘;‘éltIS Jhereto displaying an overcurrent condition follow ng el apse of a
progra |y predeterm ned period of time Additionally in accordance with a
preferred enbodi namtheoih atdvedpresiht pref&readtandmdtdmt bithe pnsémd&snwordtae a

comuni cati on concentrato t he power istri or in

conbi nePo‘?’a‘ﬂos“Bplﬁo&étf’E’%tﬁbbﬁ ﬁper?%eep I:Oom‘rq tlrg%sﬂ °6’8bqtb ﬁB %roﬂ%gié‘fc ‘oPﬂgydat a

conmuni Grfﬁritt@ﬂ With emBigerdyOsvertide thimdadubl hedes tin m\rmmplqmwet heanagenidnner

i ncl udes a&g aI|t of couplers an ural it ters and liotglurality
T

a
of smartP§H Laferally ¢ e POxYeS St“BbléﬂrgFtHB“t{?f r’%lﬂpfét'("sﬁ’?iﬁﬁ%‘ﬁrdanééc‘ﬁ‘ bl er

bei ng cRNB®HaeRndticRay fih htv@lurdd paw§PEalagEaeanoM@utse9£mg A8 epRy&@Incpuppl Y,
and the SP is operative to automatically disconnect power from a node
connect &§ f?féroétebmcﬁ%ﬁ“a?ﬁﬁga“ﬁhh%?ﬂg?%?‘g@ﬁga@!ﬁ‘?ﬁ*?ttpf‘@%‘yft@)ﬂ}e(ﬁh)(eﬁ‘g‘oélf’apse of a
progranmmably predgif PRIhRAGRS with g ﬁ‘éf@n‘&d) ibb@IRh GR! ¥ ples@pnect

t he node to power thedr%lafsgr \x/hen |twr§o | onger displ ays the oveécutrent
condi trmmentsnrth¢ pbwrcxt bipplyi distidbotor dameeraiiet to proyidef abrieastl osertsddlieatt nof t he

pr esent r, the
Pover  sinaylycdphapl eh FinRe iRy ROTLARY ROwELTRERLERLR.
commruni E:raferzd»l‘y chaeblpbwgr rsmpmrbechsz;ntmn@ dabraermo/mmnaamtdaoce oduhc it falloonng/i a t he
conbinet to t e conbiner includes. a pl.urality of. couplers and a
M SRR O e S T AR e
reporti ;ﬂgveﬁlaflﬁltbtesto(lsﬁ’fﬁtaﬁ)as tRé edtal qmlwp{ eHat tt:erg rvgﬁemryna@p@drgvtoaalanbdést er and
a SPEAR to an output of t wer su , a t he SPEAR.i n es a current
sensor STRNTE L (Fé"é‘oas%%ﬁgbeé“ thﬁ)ﬁg‘gﬂﬁ{ﬁo BAVE ﬁmwp%?fbﬁwghﬁ%r Bener at es
a si gnadyriehd féthr 'pswar SRAMHiQNAT A CIftTipe/TRK [EREs PSS Mst hRGh&HNEREGHNg and a
nultlpI|C|ty of aratorS receiving the signal fromthe current sensor
and al sl rEQ}’éqfv‘iOn tiqnaf @pdesc ene/BY-pegyOn\# cfuehi-epptiolledy erriqripized drasiserit e

vol t agerseypasSSs rﬂe‘? aabée%owﬁuésﬁ&ermgﬁ& tmr 420 8rsh HEGBRI, AsLoRleOMH mrabl e
reference vol ta&e sources and receive control inputs:-from management &
cont r ol posver daiindividdali naden ainkpytdne @ue pariositiséd baws nidewevst.i i TRCAPA s
conparators nay be supplied to a current limter and switch which receives
input voltage Vin via the current sepsor and provides a current-limted
vol tage output Vout. Furthernore the outputs of the conparators may be
supplied to nanagenent & control circuits to serve as nonitoring inputs
provi ding information regarding the DC current flow ng through the SPEAR
Still further in accordance with a preferred enbodi nent of the present 32
-2 ~-~ "~ e00, invention the hub includes a data comun~cat ~on
concentrator t he power supply distributor includes a conbiner and a power
supply, the connunication cabling connects the data comuni cati on
concentrator via the conmb~ner to the nodes and t he conbrner i ncl udes

o, r . Y



Still further in accordance with a preferred enbodi ment of the presgnt 2003
i nvention the hub includes a data communi canon concentrator, the power
supply distributor includes a conbiner and a power supply) t he

comuni cation cabling connects the data communi cation concentrator via-the

conbi ner,to the,podes, and the copbi ner. conpri ses two pai of. ca aC|tors
Cooh ot Pt B BT B B et Rah i rira b HReBeroReriRt e de S 25w

concent r aidoif 2 n&ddbdid RAaIrdsHolmar, AEGAT HaneR nakdé b Be potenesMiRdqeabodi nent of the
present invention the hub includes a dg a communi catjon concentrator, the

power supply distr Fusibebi aFGRcfanae i a SRR FHesmbadiment okl Pressip BIvetop ks

comuni Cadd@NsugAl| difgibeRPRES &atwaerodarbameomayz Gk | N ORCRNAIRLSHali @ the
conbi ner to the nodes, and the conbi ner conprises a self bal ancing

capaci t OPRIFEID8 OaRdime-SSng rAFSFiLized Pasie dmiyRluRsEe PR FRanpgemEnt diditionally
Pref er ab!aryaﬁehﬁnpay‘ﬁgi EHQE}' %ngo«%g&itgﬁéprs %tHgﬁﬁ PR BAA G il lowing

functional i |t|o “the power supply dlstrlbutor
may i ncl ﬁ:detmalmwermnalna@efnewermar@enmpm omartonvxmmtllynémmmsg dhel teteint r ol s

the powel, shnphile 4,0 ‘Q?Weﬁ% e e \sw%r GRS i n’UEﬁ%}ggﬁidpﬁrﬁn Ct%b;llf H'&jes

Fur t her nore the power supp Butor nay
wor kst at deparmvhng: lthel sel@jpashan |b¢9vet:m) tlgaowzmrrentt toeal cppmealcomnmptﬁors a'rm:)pm/\me

nanagenent trol uni ance eferr

obod el S BoRer AR TR R OR TR PAE BoT ARD Svivtresfo b SRREEEN S | e
oper at i dull pbwettotadpitiens aeses diebagaaent t&nd;ﬁfmhhg;|pr1kjﬁt1:teﬂ.baﬂl§,af TPAMIPA ishe
power mana nt & co ol, unit co ni cajes w vari ous nodes via a data
connunldﬁfﬁﬁﬁﬁﬁbﬁéﬁﬁwgé%' Oﬁ%éﬁﬁﬁyggg Bbé?hﬂFﬁ%&F @a%waﬁwn%aaaef °Bower
usage. Ad@twdum@hésyoderbya&ﬁ@BQ%eﬁtlwdtbiaSI@ REQERF ietpenPadi BBNeeOfhe e
present invention the power managenent & control unit communicates wth

vari ous aﬁéd‘é@n@Ffﬁe&l‘l@}ﬁ’ﬁrmu“ﬁ%@é@%e‘\hﬁ & Rew nade e WERS @Owen; 1iienqds Ba¥ingad ar e

enpl oyedyf,af dprfb‘ﬁw rupme se&ewtmhﬁ; bJeleJ:ceWm%’%\Lérad)r 4 wﬂg&'twwhu it gbdveovi ded
t her eat . tlona y € power nmanagenen & control "unit senses that mains

power td mrﬁ@etmd r@mpmw t!eﬁestsrcp@mtkyrremvwstpomaudisamnectmopown&@rnatheont rol
nessage 16\9er%*ﬁe nog@%ﬁdéq%%%%% gh gﬁlm%k!@e{af olgduced power node

Furt her nor e I ncludes esse _ rCU|try, which is required for
both full functi oAdditipgalling redrdsnct fwmlctal prefdriet yeralprairagnit oof, thendresent

non- essqme'n% ﬁllerp%We% Subply étﬁﬂ\nbr is %géra{ﬁeq%' Br Gal Qévangedxl';:o‘%x‘%g td meehé gpal ity

oper ati on ere rovided 1n accor anc rred
enbodi nmehéngefintthe power to be supplled thereto. Furthermore, the power supply dxstrlbutor is

operative to provide at least one of full and reduced functionality operation to individual
nodes in involuntary power management operation. Preferably the power supply distributor is
operative in accordance with at least some of the following functionality: initially determining
the total power available to it 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 first threshold, supplying
full power to additional nodes one-by-one on a 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 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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present invention a nethod for setting-up a |ocal area network triclidi ngn3
the steps of providing a hub, providing a plurality of nodes, connecting
the plurality of nodes to the hub for providing data comruni cati on by using
a communi cation cable, and operating a power supply distributor to provide
at | eas ; ower to at | east sone of the plurality of nodes
via sai %@%ﬁ@??ﬁﬁ)ﬁ%bl e There is also provided in accordance with a
preferred enbodi mehtl Wmhenpzroesreinmcel midne i prefearedre¢rhiodiithent setthd pepsep a

| ocal etwork.inclu
e out df nRafG HRTOOGAE R RER . BRERUAChRRYal ROLRTORP o A8 ERGRL ¢
of nodesurcdotdiiey loptrafios “pmoymdgagtydmghﬁcsel toCOEFALUAL AbdedninDyivalentay power

comuni cation cablin atl n wer supply distributor to provide
at | easf“ag%ﬁ?gwebes’%?t?%gfa’ﬁgmﬁg % magely Sippovisn SUPP?Y distributor|is 0perftive o3 of
the pl uirphdcbiiaBée WRHGRe YdIRWER ﬂznbﬁ%aﬁf}dm%ﬁb(ﬂuﬂw&%dn@@erﬁ&@lobé}gtaont he

| ocal area network node |nclud|ng a comuni cations cabling interface

recei vi FRESBSLAR pBEPICANRFed PR PAVEN Fep&han dloglepingvibaieaferpeiiening Bighwtle
pover i BRuty 80 thed@dd do@e@ Node data input. There is also provided in
accordance W|th yet anot her preferred enbodi nent of the present invention a
met hod for setti nylomgever incecadrdance avithet prefekred raibodimegt bh&lespirespm infenporovi di ng

hub, i di | & [ f h d
e nuoTForo R0 S AASY ferRRHES o n PR chnfai Sud i Rt iyeting '

operat i fugctaormbt/)erop@tapphyqdu&tdonbumemlr ;i:rmmp,r Oivii dﬁvo&iintir@a$bmﬂmhamem&ttl ng
power t ? 1€ t sone of hg{}_ﬁuralt%/ nodes via the comruni cation

cabl i ng'™® eﬁ@é’ PONFpTPPRY; SETPHIRY oF PREERAI HgasauReR ity dhfe lowing
functi Oﬂlﬁl:tidn‘ﬁhty-rhxe rfoluted?y W?%ddﬂg@ﬁ&@rﬂﬁ%@n V"irﬁt'i’hl@”@ét@ﬁﬁmﬂ@ eherp@d
enbodi ment of the present invention a nmethod for setfing-up a | ocal area
net wor kPRevaidabin oy it s swelh puthertorbpoverethahitds lcersentlyasupalyivea worlk nedsipr i si ng
the st epseriniRE Q¥ I h I g es and
commun Sy TnAg 2 FHBRfip SO PestrerP it Bt SxBiibiod (fpe] e

provi di eugreat @talmomomhbdw (me hETRGERAe enlesst then pdimrthsupplhys@bb'ﬁrrgi but or
bei ng tiv rovide at l.east sone operat| power .to at | east sone
of the %ﬁ%?at dd P B A eeg i %1d oenaE: r?%r’ﬁrnlt%ao W@%Bl‘f%m]* HEFRYS go‘ﬁ?row ded
in accomﬂwymmntdndehecmeﬂlemtprionmeeﬂbafsrsl d SPpemPm fiorgretitat ehabuk i g2gond

el ectrical r, over ta.co ation cablin nfrastructure to one or
rore. ol G aREn ok S BEnR R R o s o SRRt Srectrche oh

comuni cporitiasd bakl Hogena! WOITPC/BPS0M4r Getwbn efheClifst Cald ReMRH, tiéshblaast one
power / dat a conbi ner coupl ed to the source of electrical power and to the
dat a cORFHIFREY POYethenBINPWGoRR FARBITRS PAVRE ORR NPaIsauUirss adpitinat!/rewes 28& Hbi ner
oper at i MRwl RHdISERARE Foddth,| a%ﬁ@Feqﬁlrésandfnoﬁﬂlb%%V a@@i\‘ig hheSh@Hah tlﬁ%ﬂotﬂ data
comuni cations signal received fromthe data conmuni €ati ons cabling network
so as tadtheiaede.a combi ned power/data signal which is subsequently output
onto the data COmMALIFLLANRAEARLA D AELIOLL A0 FLe hERL AR AONPL Al o

splitter adapted recelve ower f a si extract
and sepamet supphedistriboror tih epeativgi togirodad a lex_mtmsuemf:ﬁﬂll @rnreﬁugsfaiaﬁmamﬂalhtlye | ow

frequenc ower Si alehe dat a (E%m‘runl cat h‘ons network may c ris

o e G o HariBa RESHGES CPTARY ™ 1O ARo RS R ee ety ESCeralK Do

i npl enehd pevé@SsuPpi§t AREIBhON S spftrdtiveiinteEsrad el witht Q:eafoh@&aqlg tﬁhaﬁmwyvmr k
(LAN) hub or into a Local Area Network (LA~~ switch. 2 | E~!' 2003
The poWRfOIHMA™ PRYRLTARASCREY: QPSTRPT-ditiglly Heteapining thy toepéﬂvawehwllﬁbim itport s
and a pkuel ﬁxh@ftotglaP@WPrl Heut QPYFEur?HﬁIQUEup@Wnef%ﬁ &% dadlsﬂanﬂﬂfn% @pd data

pl us power output port formng a separ itron
power / delatzonshigtictregenithe aulraptledat powerceinsunmlondfTPCy &b the amrem tAC pawens power

recept Po r..an ot h r/ data
conbi nggil%m%b )/ Ep?ge fsngsrs t\({:}%n a?fggé%ﬁléogy PRV ardﬁglonﬁlepqnvp R

f r equemogesnoi spfewarncb radqimbml rfddéij Sﬁél-fby@etdie aCtuthé-elli’drmlgn ;iri@exf ulszbﬁs‘qunﬁency
power or co necting,an sconne ow frequency power

si gnal sljtpg?@rfﬁ ‘ngrﬁ‘ﬁ’t’rtt @ Eé‘i’f’@gﬁgﬁc%ﬁldpﬁ‘fea’ﬁé t'é“sfe"ﬁﬁéﬂ d.JREPATG PUEL ect i ng

no-1oad and overl oad conditions on the conblned out put power/data signal.
The system further conprises a managepent unit for nonitoring and
provi si oning, via the data conmunications cabling network, the power/data
conbi ners and power/data splitters located in the data comuni cati ons
cabling network. The power/data splitter can be inplenmented as a standal one
unit or integrated into a network device. The power/data conbi ner may
conprise an AC/DC or DC/ DC power converter for converting the extracted tow
frequency power signal into one or nore output voltages. There is also

provi ded in accordance with the present invention a nethod for



di stributing electrical power over a data conmunication cabling _ 0
infrastructure to one or nore el ectrical power consum ng network degi‘ce"%,mns
t he net hod conprising the steps of generating a | ow frequency power signal
froma source of electrical power, injecting the | ow frequency power signal
into a data communi cations signal being carried over the data

comruni c# indhddushBpdaspradlyvime longopraeritized Javie tomever, doRsy Rz ipbrieesndde a

si gnal , L4t j: I i -

R P R T R S
carri ed ovdsreghiecsgmiar,cbamodd lainganlowabpiargy, nethecekse died itdpab bedni magpiting

conbi ned dat i t | el i cati o . gnal
separ at PP Roit"t hdiBl e iBelys sBat Softel B MR S SRR 1
pr ef er r etkceningdiavent reddcirtghpovar és thiatlowervgittityomdetané sataplang powanne e dighens

net wor k incltude an Ethernet based Local Area Network (LAN). Still further
in accor FANCE™ W th a preferred enbodi nent of the present invention, the
source of el ectricalddipowtly innedcoctagce withCanpriefesre cagtodineae If atht epresehe

source of electrical power, al.so include an .umterruptab ower Supply
(UPs) Cagvenss' bav slbos siRcRda anediar 1§ Hnvde Borimie @ TH| 270t o f el
enbodi Mefyhc@dnatifye o?érﬁt%ﬁhmto IiAMGiBhdl ORodel iR PREMAY, pdwir t Mfagkhé UsReatlohe St eps
of filtering high frequency noise and ripple fromsaid | ow frequency power
si gnal , %réf?éq%%teh@%%rspm distribyter ds PBYALedE AeIPEIABOWER 25legiiaPme @bfifect i ng
and di scpnps 'fﬂﬂctfoﬂﬁitb:ﬁmtiﬁﬂﬁ%{&ﬂ%{inE%EtagﬁcﬂJbﬁhvatﬂle@%jit ff Rl Gampi ned

out put power/data signal, detecting nho-load and overload conditions on said

conbi nedd BRIV§ILAONEEVAEION @engzars pywell as Bedoebprrer thah i it ersreatty pupplydns fogaid
frequen ' ' %ﬂﬁ: ol - i rther
provi de (}dgg\ggf:egrﬁ {ﬁlg%(a:tée \l;\nerl%[%nt e eg\lf;/gésygt?llfg 4 nvg{rﬁta}l gﬁ‘bé’a%@%“ g@’f@?%?é% buti ng
el ect ri cairrepotodal power awildbitity @@dnuli TRE/TBA is ddsé thag ai frky thetshaldt wpplying one or
nore el [ I CO m ng . networ k [ ces._.i.n j a dat a

Cormunt cof o2 oo S RABLTI S, 25k SR b Rt oF TEPBR B ™58 thep s upp
means f oecgdnhraholdghighdrahant sagd) fiesn elyregholde rdissorgeetingf posver td enddddiat @aodds

el ectrical .power, conbi.ner, neans coup he data co. ni cations ,cabl i ng
et wor k) SRR~ 51 PRI HESA FaSF ROV SRRt |1 T 1 SRR GBS AR gnal
onto a dAdesholdyMingiringt 4500 Sviett@nalneliendtg reéquites pewery edd IfRenedlahde requires

conmuni cat i ons, cabl. i Sg .network sp as to %/i eld a conbine rpov.ve.r/data si gnal ,
regul at FPWTEARS 2M9fe PEGTS APHY RIOELY Hj2BdRT BRY 8Pda REUMBWHNT HEQUBR AP Eower

si gnal  aidcBnidREng tedowe PromLERIde Fism pb&dnd cbmctﬁrtﬁggﬂé algh@priokig) ashend, but
not limted to, ceasing the injection of the lIow frequency power signal and
limting°™ current, extraction means for extracting the |ow frequency
power signal fromphAgerGoRRLABELRAWEL pARRd SBEHRneR B tHe QresOH iRhdiod e ¢ he
original data conmuni cation signal and the |ow frequency power Si %nal
Fur t her PoWenGeRRly diftrabusprt 15 epeptive de rrsavidqrisbfaptenne of fillher pe durationglifyent i on

t he dat I-Gat. | e I n t he a

Net vor k LAY S phPRECORE IoT i ARR i ALl BGAr rREBRerAbER

t he pr espaatipmyBreferably tthe ppewe supplyp isyrimieni Beopesatiad aipt @dortlanceewih vibe

el ectri f.rom an AC mai ns, power receptacle. The .power .supply device nmay

21 5o be exPEdEhopieli dOuREEE P& "RrRTSH TRABE! Fanth Bl ShstiET Supp y
(UPS) Adéded fop paweryat b givas acded aniicBeraa ftdr assignief £ligies mivbiodbmediveafnddse present
i nvention conbi nef, devi ce incl udes. ans. for filteri nﬁﬁxhi h frequency noi se
and ripple. NoreoVOreVR BACUHIAT & Wi ACET it GPRARt BhD6 T SiEHI M BT Phe
present they@ndri pply ligstiitR@sH idlopérathay icCprolide atikes JediFulf oF né Ginktiogalihe
current in the |ow frecluency power signal. Additional L}y i n_accordance with
a pref ePPERIBHBEIETRRTOlSE RIELDINe EURRATRASF intRagament Gtferablyring Pomee

i ncl udegygppR ABLKREordS perhiividinRebRaskeaREh MeiHORH e CRRGhAIRY $n ABIuhRSy _
conbi ned out put power/data signal 37 S 2 .1 ~"71 2 003 Still further in
accor daRewesymagagenenefapefatien ewbyigly néaiermaging Hbe pfetals eawen aveslableot® it At system
also in : . i [ ' ravL Sk oni La, the

dat e conenrnce iR osFRinstilhich rp B U AERABULAAT Rurithdy
power/data splatters located in the data comruni cati ons cabling network
Further in accordance with a preferre®¥ enbodi nent of the present invention
the extraction device includes an AC/ DC power converter for converting the
extracted | ow frequency power signal into one or nore output voltages.
Moreover in accordance with a preferred enbodi nent of the present invention




the extraction device includes an DC/ DC power converter for converti NG }:\E@
extracted | ow frequency power signal into one or nore output voltage$” B B
DESCRI PTI ON OF THE DRAW NGS The present invention will be understood and
appreciated nore fully fromthe foll ow ng detail ed description, taken in

COI’l]UI’lCtIOf‘] W|th t he draw ngs in whjch. s. |Aand 1B are sinmplified
bl ock di*HBHaRei 19 & tP%qqsoﬁ?eBFmt% the feé?‘f?éf 19 ebs Bt rFUEedr 14| BRMST ar ea

net wor Kk cbﬂ@h%bﬁqmcp%ré SHBR! taP PO S dvYBabth IRy @Tpxb die TRICeTR A 1€ Rbs ayar to
| ocal area network nodes over communication cabling constructed and

oper at i VSt tAreghldr e npyvRs tpradfisprad oderert- fmeﬁne of atqyeupPeioHed,
i nventi QRonfddS bask lﬁnfbé%ﬁpﬁrlf% %ﬂ %ﬁgcat-[aheéi Bl Rg kthfjés | Sy éhéxj W' ald ong of

two alternative enbodinents o Toc area netvvor ing a power
suppl y dlpeshatd, v@lsctoonqm’tmgl pever| wctindigdlal pmdes dne-Hyewwl omr 2 gprivetisair kanodes

over CoRuLERYs PR HES St 200 PRRLAL e oD RE S8 gAY

anot her erre enbod t 0 he' T ede i hven

si npl i f ned dolde akquiieagoars ot :hubzﬁeuuS@:‘eLHeqmrestﬂmree,nmmhgmmtr&woﬁodEl @sthel A
and 1 Br&gg tivel Figs. 4A & 4B are sinplified block diagrans of hubs
and powB? BB ystens useful in the enbodi ments of Figs. 2A & 2B

respectively; Fl gAd&nbﬁaxaj $l nBédrHARE WhiPCK prifa8sABnlbblitasnf adfl B8 Prlesedr SR t
power allocation and reportl ng circuit useful in the enbodi ments of Figs 3A

3B, 4A HWENUAS, thej ppveeri supply sYiBHPRIOr dq ORERBIFRO] Rrovide st least |Q5‘ﬁ ot fullper no
enmbodi n'ﬁﬂlEtl&fahF}} Bperz'i_hon':érg§ tlm@%hg‘r i pRbtizeH Bk fid Q'giulﬂlagf'g né)r@ag}:ment

illustrations node interfacé'circuits usefu ] ment s of
Figs 1 Ad&tlgmlbmr ailleg@txiay gheoRwer spet dvéibytorlia g;saratS/A in asc@rd\anee itthphé f i ed

bl ock dj ti |IIustrat| 003vr|ous
enbodi rrié)?\lltg g&@f ﬁ%gtéong%g%r Oﬁ%e?%lp M f’ﬁgagg%m PR er?ﬁl & “‘%‘Y getgr VLR ﬁ‘
Fi gs 9Awotal powar eva‘ilalﬁrl]altbfm mdacbbxdaﬂrcedxm&ga EpmvaﬂﬁbrSérhr&ﬁ(ﬁ‘t pnfbgtdni ds et tas Qhks of

i s of Fi~ s 1 A

vari ous, enbodi nent.s. o ar at or eful {n the e i men
2A & 7&%4(%8‘8% i‘feﬁ ESGH"\?\W‘B}FQ‘EB‘%BE&%?@ ‘b‘#‘ Ifie&mg}é\“gt @a‘lﬂ?'}jé‘l’lt@ﬂ"e&“ﬁ% are
si npl i fttﬂfknbk&ﬁlkp&b@gécﬁﬁ&m{nkdiﬁﬁm)' Rhe Q:funTeM&Otcﬁélt@f\ﬁ@t dvBagRodipNys of a

comuni cati ons network incl ud |n? ower Iy and nanagenent over
TPC/TPA is less than a first threshold, s

upplvmg full 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, disconnecting power from 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, if 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 power, 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

first threshold, supplying full power to additional nodes one-by-one on a prioritized basis, if
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comuni cations cabling constructed and operative in accordance w-#h A

preferred enbodi nent of the present invention; Figs. 1 |A & 11B are """ 2003
sinplified block diagramillustrations of two alternative enbodi nents of a
| ocal area network including power supply and nanagenment unit operative to

provi de rical power to | ocal area. network nodes, over. co ni cation
cabl i ng; ﬂ?é@f* 1§ Speaket 1 aasre&m@itﬁfﬁﬁwf Bigher ter sa?af@%féhﬁe§h05%§f WIS AEEDE a
hub usef t inkifidhd) &r0aBPORH- tESHeSonOf pridr@Sed 848, Boh@Rer! ESIPETTP N Q) YerwbbOSid 13A &

13B are sinplified block diagramillustrations of a hub and a power supply
and manateait sespisk P eBpldasiaguifing as thhehgiod NERHIO4e SPautey) PRVA & 3 ppde

respect i Mghives abhigiSnal lfbved shdBr 2mEwSidaP!rkduied pBlveck: Hind@s aiRire addi¥bnal

di fferent node conf|%ur_at|ons useful in the enbodi nents of Figs. 10A, 10B,
1 | A & 1A@ver gpga npge jngviag 8jlenperi Friosdy Hlandhe avagpdarisofurgnihy deeetvasf Paarat i on

Whi ch coghl feSy Y& DB AL And biBlyink & Bie delInadtQr

general i zelll (;)wc ztié ?éilwu?tn?a&qﬁg B%m%ﬁ%‘#aébﬁéé%? Eillen elgg?% 2’6#%13 sed

oper at i opeveentd a mdaceqtipeedditionadeswef the networks of Figs 10A, 10B, 11 A &

11B, Fig. 17 is a,generall I r{ 4 ] in the
flowchart of Fig ;re ieg!:,Il alzcg%d%ﬁg%@% F%%%%H:é’?]&g‘t?ré@% °§gﬁ“‘e§%ﬁ L S Bwchar t
i 11 ust r ahe npwar poggler disdbwnb adiopenativeofio tiievidetaerleasgadneoof dultl drntdduedd power

ly functi ity whi in Fig. 1 7. Fj 19A, 19B, 19C and 19D
o o gundbBOER epetkefn T SRERHCT | idmidsrion il S8 IR PN o
full or manafennmt bpaalidd. Prefabigtthopowver appiyndielribidoany opaidie HesgogaamRat step

in the fl owha of Fi.g. .16, Fjgs. 20A, 20B, 20C and 20D are generalized
f1 owchar¥i&h él&cf?ﬁlpwmgsﬁm&wgwowev%&f@%?%vv?fema?ﬁewtr QPETRURT GRsipgdficed

functi or@keir%ex%pma gbi fdwdr At ABiveMYOddIRE@IHEreRA¥CssiBRAR GBI sy tdwrehe
fl owchargt 0 dl g. 16, 39
1ven node.

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 or reduced
functionality operation queue-controlled 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
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 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 2 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
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- 2 ~u~u 2a03 Figs 21 A, 2 iB, 21 C and 21D are generalized fl owchartsl ¢88h
illustrating one possible nmechanismfor node initiated sleep node operation
in a voluntary power managenent step in the flowhart of Fig 16, Figs 23A,
22B, 22C and 22D are generalized flowharts each illustrating one possible
mechani sstufitary gomer mahideaieatomraRn MmidelyoleesiainiQNtht fotd peakuitatitble polnet
managenment step in the flowhart of Fig. 16, Figs. 23A, 23B, 23C and 23D
are genécrcafcfaﬁ“ef“d"”ﬁ? BRORAT FSERRECT PTOGEYT &% PRIy 2 e B35 BPHITdharel RAMTERHY or

full Orsd'[b?lyfdgn%!ﬂn%bﬁés Rfer@ldidd 280 PRASALIPOBeivteR MO MALAT YotBOWeHver
managenent step in the flowhart of Fig. 16, Figs. 24A, 24B) 24C and 24D

are genenamptean (PG At @ireatciotal Ipower Aeailabityofid Ao E TR/ EP Areie kramtham & or
full or f L | priorifi 1O 4 2 ower
ranagerit Perinc; HBFRRRalInaPd ' b nE68 BREHAL I RGBSR Bl AL oRET

i |1 ustrert & nigneasharxg muloaitipyd masisaift TRGATR Ac Gngremercthbn arsscané ttuestioldyhgreaem

net wor k, devi. re,coupled to the AC.main utility power: Figs. 26A_and 26B
nrea pigoi i PisnsR Bufnd Pobddn Mail exdescns b RRERT aarpBiecdtram
const r udbweever,nf ARLCATRIaBARtWéeh Baidnfrspamisenbind thvedRdldg ingMir@igeisntonetietioar k

devi ces recei ve el S,C.t rical and netvvorﬁ connectivity_over, the, sam? cabl e;
Fig. 270998 TEAB{ES ARIGORY rROWeT 197 A PFRLTCAE eI aht h A cdpi Eing iV For

pl aci NgorRIieg tih itk benB® YR it0Hs ek edhf PONTILERE %albh%yﬂiiirﬂenfvfkﬁceﬁ sUtové & and
Fig. 28 is a block diagramillustrating a power/data splitter unit for
separ at irpdpteasmEied rmigamupdies. is SuFERive refatvinge poMErnireicing rpowen fte ke lQwarur e.

DETAI L Q&ﬁg@leP : gﬁg@ I ENTS Reference is now made to
Fi g. 1%0 I chaﬂ-&sga}pg?%ﬁ%ﬁgggggf%ck |Aet1g¥%dr§1'i | lustration of a |ocal area

net wor k const r ucPesferablg tbperoater vaipply discibnmanaduddst b pawpr efiamageakenendodi nent

of the present. invention As seen in Eig. 1 A there is provided a Jocal
ar ea ne‘{%\r/‘\%? kuéltxfgﬁﬁcg}?ﬂ??@i?@ ORI i’tfgmwghgﬁpé’ﬂsid%Wéﬂ,g“wO Kb Ende11,
pr ef er adohynumicationsehblirgd cabling system to a plurality of LAN nodes, such

as a desktop co er ,.a web canera, 14, facsimle nmachine 16, a LAN
tel ephone, al so%é\ﬁﬁnég’ é{haF?"rfij%'}cépWBhea 1%%85# cﬁ?g}?fj\_é‘"renéd’r}la Bres®ver 22.
Cabl i Ngnviehtibr® e pBiveF ipbly didIMABL indMads 4 AbhAZaRkhNJorR@NiJAGVAIBN s dRHdtive O

tw sted copper wires cabl ed together under a common jacket. -1nthe

embodi @ BeVest thejogeralign ofghe pgwer maRagrment SoeaMtrabdil nbel ow, at | east one of

the pairs of tw Pie?é#atﬁ?gf?@rmﬁ% Gifterlt Sﬁv%ht@éﬁego@ns the Sgeq':%tiﬁ“ﬁ S muldHe3 for

transmttin; both data and electrical power To nodes o e -net work

Typi calpoyet menageent gaicontrobnmtsenpl oyed for transnmitting both data and

el ectrical power,along each line connecting a,hub t ch_node il e one
such pair carri eggaeé)tva IBr?F‘ilor%a}{’ﬁea\{v I%o%?rfﬁnﬁgfc?'bf’é&mr?ﬁ?%fte@? Hreeaenasmvé:’\ﬁg%gr e and
car r i esheneotvhre matdademenor& ponadl unih aoamodanee with vador ebdesr ed endmai nent
of the Eresent .invention there is provided a power su&gll}/ subsyst em 30

whi ch i*8MBHBICARYGN f@neeRtaton herrby 1@ SpYeny thel sHpreny fagde of REVHUSESE kup power to at
| east some of saf@htiRl W RbdrtncRiwitoReretled ehbsdilteht fehAResehhBvERIBALAL Cat | on
cabling connecting the hub to various LAN nodes In the_ illustrated

enbodi PEWET HAnagegent| & LonEe| HHYisERRNRTCLes WEk yrEaus\neder ivia sRII Iesereshd

i ncl udeg,; I i-gh ' e r kup
power t%g] l@az?ig\c,ﬁgoc%gﬁﬂ%%gédewggt%@%%?\ifggt% ?%ﬁdlé Fviplng.Er ?’ﬂgég ﬁ?r%{r:li cation
cabl i ndunctionadityt is providelteendat.ch 34 via a conbiner 36 to the various LAN

nodes. The conbi upl.es el ectrical, power. fromth owe uppl 2 al ong
t he communi cat i Oél:llﬁf(;atﬁﬁ?}ll gt 6c°8fdcalmé%s“f&hs&rrBrqu’Tetdhng%ﬁf"E Ja8% t@? cﬁor?ée/eg i onal
dat a canventiunaaé pOns rianagenleANSSaintrolunddsepas shat Malid poweie saidrpawee suppby
substanti ||(¥.V\A'th0u{? interference. |t is seen that the communication

cabl i n§STPUY §AQt pratiabls ad sendds rrOnHRSRESRBELS FRvRCEI0dar0 OPSRts i3 RSk} hi ne 16
and cogptigded Pwehédes both data and backup power, while the comunication
cabling fromthe hub 10 to the hub canera 14 and LAt~t tel ephone 18 carries
both data and opdefgtabhgthpsode inglydes ¢seensisheitrnitoatvhinh is sesivirad farrhash e hub to
t he se : ri ' yRiscal | : tructed
and opeyEorherBid delie ke ity dolraoh Bl in el B AR e
invention It is a particular feature of the enbodinent of Fig. 1 A that
both data and power are carried on t3fe sane tw sted copper pair



It is appreciated that each of the LAN nodes 12 - 20 which recei ves povver
over the communi cation cabling includes a separator for separ at.MLn e2 03
el ectrical power fromthe data. In the illustrated enbodi nent of F" 9
the separators are typically internal to the respective nodes and are not
separately, %ﬁ ted, it being appreciated that alternatively discrete
separ at &% §>r5 “é?fjp@(’i?‘é‘li‘a“ﬁéjfpépéﬂ’be is now made to Fig. 1B, which is a
sinplified block giagr ﬁ{ﬁdcbﬂdﬂﬁer@{hl mef&re@ e}ngealneﬁr&%erbeéskaveag&%euct ed
and operative in accordance wth anot her Bref erred enbodi nent of the

pr esent Dpdpy Etudgh & mitadieapd jancqmtiglier) Bonire{ipg thes opgrefipndeldthy switchl whicka

net wor Ksdidehily %B&Q{ek %E@Qor@eﬁh’rﬁha@@wﬂ“rﬁ: hPf’e?eerQ&' Qheeqweszcp %ldd@g a%'w
preferably a st nictured cabling system to a plurality of LAN nodes, such
as a de@l@pkywnémmlerhe@@mr@ll%@bomuaﬂve jn r’@mmsem 20 AT G thezpofwee 8IppiYl e

machi ne 0 t onput er
70 and éggg?l\%bﬂff&%g%}\%ﬁg%gﬁo?%h%raél%grg@ldgiégﬁ\c}eﬁfi @ﬁ%@% CFC‘%%I Ig:ng

havi ng 6menativpan respaifse tomrsinpat rewppe frowi sagksepslyl ed t oget her under a conmon
jacket. In the e nt_of Fi r the arran t

descri bed above Vrgo {tﬁler 'gsaﬁ%orfla“tce g’I’—‘h ap{eéweace nbasf{a EhE PP%C pr&%?‘ér‘"vﬁ'gﬁ’mge

her ei nbehaw, seases! eaﬁ)ltag):nfbev@f of twecp&nr powkr tb\sangtﬁn@pltbﬂp@efhe\/\m»ea suppleNpl oyed
only fo]E transm t| n ctrlcal ower to nf)des lo B leork and at | east
one of LHB‘eB‘é?rFs brse %rs %S‘H‘S?)rpé Sti P eONe St oﬂ/aé‘dmﬁ?? yIEGHO. (¥4 i ¢ i ng
dat a. Tyupingdiidayioh bEblmd FonPiie pswar RpgpRiseyRdod or transnmtting data only and
two such pairs are_enployed only for sprIylng el ectrical power along each
line connecting atHuBTHST dAcHCAGaRE WHN at JIPGHRAL embpdiment §f dhe rarggnt

enbodi MB{ni8h R @nRbRGEBEeild WRBAIA nngda%ro% iR ;BW%V hiied @dl@ﬂ)&\@rthﬁ Uiy
subsystem 80 which is operative to provide at | east some operating or
backup w&eﬁs gvpilable,| s pperatasithe Hvitdhasugh shasrpamer ¥ wpplmddeévom thet ¢seenkiglh 60 and
the coNgpRGahl ot PeircRRNGE A A oo S

the i 1108rvge] Ao arci R R LA b orider BB YR A DRORE, (e
hub 60 tamdowwcsunulesnacqsmhatsuppd gom xmptwadtmplmé@eoq@mtxnmgptqsahm andl or
backup Fious e a nication ca The
commnlsggl(é@on caéﬁsngg%é%iﬁlﬁec?%e é?_%qumgﬂfon% %HP" gﬁac%’(t)r\?\)g?r g e|5p y Allnt erface
86 to tswatcl anclotist LpaWen g esppliee tpdwﬁr tlm,lpﬂlelytlal niirevifra cand 86e diomtessehtidles

el ectrical t he wer su al an w_st ed i r.s,.of.the
comuni ¢4 mggi‘\%aeﬁb%g}e Wﬁl?éﬁecgi'vepgggmﬂ é@’%grrc’%céf P)?Y'ﬁrgsuggftydf‘dlf%mﬁt | east
sonme ofthdtheidsANweodest aBilable etatth@psra:l/erdamﬂy,cawmmiensat indiested thansufidierswi t ch 84
pass through the su interface 86 tially wthout
P o § ot nof lIE e EoRalert R Bt A ek s P Bl RETer foanPisd hub 60
to the vigskgime: sivipyicthe 62scmiaa@ﬁs¢mw @mqhdlﬂ@nafﬁﬁomd)ewﬂnﬂit&equ?@d ogarries
bot h data and, backup power al on% separate twi sted pairs, while the

e

comuniteaesseiak aﬁmﬁ)g 1&3&15? ayHiapke it tﬁur@dlefidOtth% n%bﬂ%ﬁfeﬁlaaew ARdthe AN

tel ephqpgcp8 carries both data and operating power along separate tw sted
pairs and the conmuni cation cabling 61 fromthe hub 60 to the server 72
carries only dat Additipnadlyt gpplecandtiyely ARe amratngmm:mtmmgqemetaedsean@pt@per ative
in acc 0 r is a
part | oo SAnRE ol o RS BLPHE RO PHO B e hed AR SRARNATURTALE 1o
carri emdmtls@pac@dte dperagt iech fcbﬁtp@nom:)r modé arehxs mespansivenhaetbifoncassibg i ng

l'i ne. eci at hat .ea 70 whi ch receives
power (_t)l%/e%y\ﬁ i g(p%ags Sa'naer(’:oé}telcgﬁu“ Op%rat%'ril |nc1 gg"az'tycrgﬂdneect or for connecting
the tw sted pai rMommsrymragcoMance w1th2pfeféded~ethbcﬂﬁ}ﬁ)61t ef eetpréseat| ingeavion to a

node power sup connecting the twi sted pairs carrying data
to a dékfeasei‘sr?ﬁﬁgnsgsf ‘ﬂ?gﬁ F?feel%l%a{]?‘?%tbregﬁesﬂp@ﬁﬂéﬁfm eagf; one RYWE ¥ B, the
connectsggpsy.are typically internal to the respective nodes and are not
separately de5|gnated it being appreciated that alternatively discrete
connectors may M'&fye@ pgcofdancen Bithc  aRE TR Ambedigieny ok Higgpresegt

i11ust f@@ﬁt?onttw@se%ﬁm%s@m:&mi siBna? Yk HTHB! @¥del vrlgth%lcsﬁwn&a@&y\%us@ pl ural
LAN nodes via a hub and conmuni Cation cabling connecting the hub to various
LAN nodes Anot her two enbodi nents of a system providing electric power to
plural LAN nodes via a hub and commfri cation cabling connecting the hub to
vari ous LAN nodes are illustrated in Figs. 2A & 2B. Figs. 2A & 2B
illustrate a | ocal area network including a power supply operative to

provi de el ectrical power to |ocal area network nodes over conmunication
cabling In the illustrated enbodi nent of Fig. 2A, a conventional hub 100
does not provide electrical power over the conmunication cabling 101 and a
power supply subsystem 130 is |ocated externally of hub 100 and includes a
power supply I32 mhlch supplles operatlng power and/or backup power to

o o o . o



Cabling 101 is preferably conventional LAN cabling having four palps pp

twi sted copper wires cabled together under a common jacket. In the” ¥ 2003
enbodi ment of Fig. 2A, as will be described hereinbel ow, at |east one of
the pairs of twi sted copper wires is enployed for transmtting both data
and el eftémitlcepovpowepply disnibdes of the network. Typically two such pairs are
enpl oyed for tra tt| both data and el ectri cal ver _al ang each |ine
connecting the p glv auBt %%éWﬂE?OPF%s gcﬁ“ﬁﬁﬁgemmﬁflﬁedﬁ%‘guch

pai r caﬁwrmnd}aix&bd@rtlxrymaﬂdnomcfe@uisteﬂmapabﬁe tifcultBj ddaionadseasiabn @R alreui@nd
carries_neither data nor power IS, seen that the communjcation cabling
101 fr o%etSWétCE&&é@rm%%w eé%ﬁaméy@fi% R LAY Pt andcierW T 5eTHIGhBRdeetircyitry

facsi mdugchesRiRm) 4 andoteTRMRE alRRi6BhhLSPod AdatdalR oa@s&o@e«céﬁgg pover)
whi |l e the communi cation cabling fromthe power supply sub-system 6 to the
hub carigdieatmgshainuainprRovel iepirilablel said ceatralice spirateh theatssensindnesisesiraniitig power

and t h%%&gmg 'tﬁ’ea}xérp @5298%?’ nb?eg c%éﬂ?f gxﬁgc}?m E{;P/c,hltg ;goﬁxéetég? sxgpﬁ; 1168 I’to %%ﬁlr tglgrg rhl es

subsystemtizﬂmodp rcxrauntrypandabxldyndnﬁdxlsmmalamgkrmmmt@mmﬁtwhﬂnt mehnarptdwezpsrrwtl ve in
accordanc brn 6 pr rred enbodi&egt %f t he Eﬁesent i NV

parti cdlar? e\éfld %% H)é?e ERBETIRRN OB RESson Rdicaler gk sy Eféet"ép%‘ﬁ?f 1E)ower
are cafnvii@leovia &chcﬁﬁﬁﬁléaﬂoﬁ:i elisgnpe comadller bperitBetht lebdentislaisid ceamyh ment
of Fig. 2% F‘Ff?Ch of the LAN nodes, 112 - |20 which receives p wg

provi déHit i Ralresiiial BeqsafiEiny puitchsRishthati egef HesupRiigd f9 aihithe

el ectr leghtid AWEL CIF&H?W th€nd&sSRATMYeCRELRP cabling. The external
separators associated Wi th respective nodes 112 - 120 are designated by
respective ref er Bwtkermarebér squtQance 19eh Epodfersedc kmbedimeat of tbasprasent

conmun over

appr ool e HERBLR: LRRYD, AU BERBLANER 948 1ORCoBUELer M Iticalide | °
provi dévkt wiairs pm\teensnaxit ayeifzrhleatiotise @reast bad pswoeresupply aintl thé sériser mdndass | 12 -
| 20 e ded with ext al ,separators I, S ated tk in

ncdi ¢ 1 SR et PRReh by HaltPE bl RaFEIR psuakes R SRPLECRRS Tl on” o
usef ul switéth smyztﬁt heéquaw F@belrels napgifedswith ghest fior@yapiie, estertidl @6 LAN
access points, %enc ightin l@% tenéglenents paglng | oudspeakers,
CCTV c&‘u’r“éﬁ“%?“dal A ioBA] SoMer DeYoBe fRIre® R g4 essgptiad 10dE GHREHIEY IS Al s,

| apt opav:PEBIE]! i€ [sSup RO e BhRERAiA ndHE Brdfr MR Said A¥A-E&BAS1 3BMe &Qurt@r s,

noni tors, and nenory backup units for PCs and workstations. In th

i |l ust$¥#dd enbodi nent of Fig. 2B, a conventional hub 150 does not provi de
el ectrical pomer ply
subsystem 180 is M@gglQ%gggggggkﬁﬁﬁégaﬁﬁgp§hgﬂgﬁ§&fggﬁagggagﬁggagg supply
182 vmw@hwéubmpleesvopecmatqulge@MS arﬁd!—ﬁmcmmypnmmehert both dlnd esemtitlAN nodes
via the comuni.cat.i on. cabl co nects a
Ut st AORBRE R B SRR Ire ohir o oS RBlarRlbiis Fideo IR 36"
power &u@pﬂayn@em&y@t@m dpraatiaadnd 9 BIBEC fusctidhalifyarede vehepdih Vit le@ﬁte;faft@cmel% to
the vari ous ﬁ@ﬁ nodes ., The power supply interface distributes electrical
pover FSUHRL PRACSHGUITY SUBIOPEdBE: al ong t he communication cabling to at | east
sone of the LAN mp@esin a@&dﬂ&in@@%tﬁ@%lret@%@eméﬂt Bﬁihb%éseﬁtr 190@nh31'Nth%W tch
184 pass through the Pomer sup interface 186, substantially w thout

i nter fmvaﬁé@plmmvmg 1ged b@kprpencewamgdlwl}nm amttvsmheagwwpnlaw ng
four p p acket .
|t nectabs Rherih il 8P BRRRG ine'hB Ty SRRUEH JRAELAIF el IR FpAHRY e
above mumhﬂuﬁswammetmnﬁhmcamnanuha5 wi || be described hereinbel ow) at |east

U0 208 11 b R eraRr ik b BT PR R elteo e Rpana ot

| east iaventioh & MRaP@ves eBfork WoSier duppPpRSkribltdrefor iie @AM Ryead aral nétiark
transnlttlng dat a Tﬁélcally two such pairs are_enpl oyed for transnlttlng

dat a JAFWYdiIAAA RuRo2a Sty 8F pedes apd éﬂ‘ﬁf”&?’é&‘@n‘@“%?o@\ﬁﬁﬁﬂ%m‘?d’ WplEEfi cal
pover @ldeNdo €agtup! fd?eprﬁaol@n]gcaagng BofHln{cRiGAebrdefeen! thd Spow%ersuk)mt t he
comruni cation cabling 151 fromthe hub 150 to the desh-top conputer 162,
facsimle machi ne 166 and conputer |70 carries both data and backup power,
whi | e the communication cabling frodSthe hub 150 to the hub canmera 164 and
LAN t el ephone 168 carries both data and operating power and the

comuni cation cabling fromthe hub 150 to the server 172 carries only data
and may, but need not pass through subsystem 180, in a typically LAN
arrangenent constructed and operative in accordance with a preferred
enbodi ment of the present invention. It is a particular feature of the
enbodi mrent of Fig. 2B that data and power are carried on separate tw sted
copper pairs of each conmunication cabling |ine.



In the illustrated enbodi nent of Fig. 2B, each of the LAN nodes 162 - 170
whi ch receives power is provided with an external connector for sepa;a,l;,,l¥
provi ding data and el ectrical power fromthe conmunication cabling. “Th‘e"'! 2003
external connector associated with respective nodes 162 - 170 are

desi gnat ed . respective reference nunbers 192 - 199. Each such connector
has a co‘ﬁﬁﬂﬁ%@aﬁ?‘ CREEHIVE Y PION PG 2! SAe OB HPAREN BP R AR %&H“’S&fﬁﬁ’t‘js It is
appr eci gitedlity oSk 8¢ cahhudatibheatlades 162 - 170 may alternatively be
provi ded with int gr nal .connectors andﬁrtéha sonmg or ? 1 of the nodes 162 -
170 may be provi dEHH ihaREBIN AT IONREEPOFBOOdIPety éwrf%s&vtawa“%éhe in

addi ti onupgy HReiHuN iGERS WRsetHe@d her ei nabove, the present invention is
useful with any other suitable nodes such as, for exanple, w reless LAN

access points, emSHyelgyen ingRedoripnsy stidnaeperpist ssmbndinen ofothts pesarir s,
CCTV cangfedSon ﬁleaﬁdule?%ﬂﬁdlz}'; %fstr%gﬂ{r i€ Mchdd %zxs Ltgle h@gcgﬁémgmw gJe Metrs’

| apt op conputers, network el enents, such bs, sw tches and routers,
moni t or suptivldiseibtutoy isdeekadpaniaily withortheind anddaniot ik sttaide treshubRef er ence is now

made to Fig. 3A hch i LEd bl o j as hub
10, useful in thewg!riwlﬁg%dlnﬁeﬁt %c? Jléihzgé %%hAFcl ﬁl%%wfgg{)n?dgfjg{’%ﬁl é}ugjgn%#%és a
convent iinvealign the wperidriggiower supaliddalipl the powdd sepply distrddtashe ehlefsustotd oftbeas a
dat a CO”W’]LC%E&QQ' stgli tch/ re$§ater l.and CL% Cée)ug' ed to conbi ner 36. Conbi ner
36 typi (?a”i?yycorrprllas ecoé"’ﬁ‘l’”d“??f%}’ 6f ¢ uufﬁ SR each of which is
connected via a f§dilt durti?2int secordan@r tvith oavggrefairbd Gatbodimeat cbf T P Opricsahg

ci rcui tm(ySPEARl)l_l 51261 E@Ch ﬁPEAR 224 i s connected t&\o power 4F Lo 2~
7003 supPFYHossthe fb includes, p dara SPOREWRICRUAN CRIGRNT A NtPE PPYRT TUPPIYHIEHBSE at ed
t hat powRfudssRPEYMBRReraYd R BéWSLsiddtloy ¢B6AE @dnmxiseihBaddty @hnfuRRahibd 10
Power supply 32 r,raéebe g)_rovi ded with a power failure backup facility, such
as a bafPieElraeniete comdinerde Hed9dsh er 220 has two ports, one of which is
preferably connecy@fol® iRaRBfdancdfwitf\NoeYedried Rurd4difiae: m§e Eféa&{g iffenitéit Ch i's

preferably connected, via comunication cabling, to a LAN node. Couplers
220 ar ethshep dcliideya dye cammyeication congsnigater] andtvhierain ths Papver supplylvidstributor
communi ﬁ%’i&&&ﬁ%ﬂbilﬂ?@m@%@ét antially without interfering with the data
comuni cation therealong. Filters 222 are preferably operative to avoid
unwant ed i nt er pordtillafigthentierasedrdansoupith rig prefermdo ainpodimenin o ghe qresest al k"

dt 58 f I i ng. .t icati
bl i g AP RL B 588 NGl BB ponclhuglol Bhd GRGRY i pdek AW c2t 1 01
manage ndistribeted iscadst foodted witbipnghe R 26 inclpgecalpbyeresuppiyi @d 4 porsbiner, the

m crocontr.ol | er ref erahl ontrols the gperation of the.power, s ly 32,
The LaNFii Founeriesel B GF 2o Soopitgo fR batpiBodion AFpREV R LR LY,
Ref er enegri¢ssiatadfvomtideliafacommgnidBionvdohehtrater.a si nplified bl ock di agram of a
hub, such as hub 60, useful ip the odinment of Fig. | B. Hub .6Q .

b of et abl'y- conpr iSeEHY b aRPnt s Cof it 4ty cHTkrS £5i%0F PARTSH tch 84
whi ch f ¢inaédt@®s A SuucFtiR foRRPMpbRAt i on switch/repeater and is coupled to
power supply interface 86. Power supply interface 86 typically conprises a
plurality of fil tAddgiopally inastprdasamearitied pisfeared nembodporsr obItho PESFYN and

repor ti Qerzioh ¢hd don{bRREMNRL& FpiEasty &%Eﬁ%?e@ 4fd b PIEARDBEFRES] é&clpeér‘]ﬁﬂerSUpm y

82 for receiving electrical power ‘therefromlIt is appreciated that power
suppl y Bngrepnestedptiy s filkalto gn oupdobtheorwersupplyy of the hub 60. Power supply
82 may be provided hichl B WRlbideP il AP 3N 1 Blchich Yor SHER- AT DAL Lery
connection. Filters are preferably operative to avol d uhwant ed
i nt er poplerabiy.afifiltery, and @phayality oﬁmwm pageraipcasion ahk fepanugtarclksoSREARse from
the POVELh gcl){%?elr%eggz cangc b GiRE tt“tcg:]rgand 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



t he comuni cation cabling. A central nanagenent and control subsystem 276,
typically enbodied in a microcontroller, preferably controls the @pdtat PG3g
of the power supply 82, the LAN switch 84, the filters 272 and the SPEARs
274 1t is seen that in the enbodi ment of Fig. 3B, couplers are not provided

i nasmuch as powerst@ngurfdt an dc@oldamdis Mifht @dpRYefedSERBE@EHENt WF Shehr@hd S. The
data carried on conductors via the power supply interface is substantially

unaf f edE¥EUBY teneommsy atclusiss éwlwéwécouplerz ang g gtucalisy of G0tk culen v

i nterfagg ng%‘;lﬁJc?&C\f?ahﬁltE}QWa% uwftE& o&}é},sug@gch is a sinplifed block
di agram of” hub 100 and the r sup subsystem 130 enpl oyed in the

embodi ment of Fi d’ref@abliiutbe r@mbpieéflmlmsya obingity séscoaplesnireng ipbiality of

conmer | ~

communitiars e liei? smalogpeslgailboa il WO IR BefRbbler oy
of powlexngwppﬂxepttsiwlusg/ékemndB(SPEﬁm)uorwrouﬂp&Softyxplpowbri supplgnpri ses a plurality
of couplers 320, ,each of whi h i S nnefte vi.a .a fil a_smart

pover al | ocation® %?erﬁ‘oat‘:f?r Fe&itveld oo bogﬁﬁenéﬁtﬁ‘reéﬁﬁﬁﬁ lﬁﬁ?t’iog

connecm&dcdrﬁblp@/\mmump@ biirdlidy of tb@plerd Ahd fa0pluratiee o¥ fifterse kfht dougiet bpiaver
t herefrom is appreciated that power supply 132 may be physically
| ocat e&om@émw IS0 FhRUIPERER POWBDIYPPubsyst em 130. Power supply 132 may

be provided VV'thA%dxfﬁeH&ﬁ Fh@'do%b%e?%&”ﬁls%%blhhé% I%HEJE& %? @u%@xrstﬁ{dya
connection. Each coup ry has two ‘ports, one o? is preferably

connec bhulity Oﬁﬁbmtan«bﬁ pLLlet}m/f swhrt DWenaltbcatinn mdrrepomflg MMth (BBEAReY er abl y

E?QPZ?%&“ ' cotibidr fi?xﬁgj%%&%d QQFY’T’%QJ 1439 B t&ﬁ%u’l?&%ﬂ&oweﬂu ggo ar e

y opera 0 couple electr|ca Eominrcat i on
cabl i ng subst ant Fmtﬂeymmtthe)wbmbnteerrﬁaajr nhg mlndhe tahﬁudat)aoﬁmnmlenscatdl an
t hereal png. FLLters refera ve t i d unwant ed
 nt er pBIEAy BF ik 2ack Pl o Ean wART IR i o @ 65 SoVE RPPing 1o
bl ock noise fr omF@VWMEcosm@é wlth%réfreﬁaa e@B6dimeg: dhife @ﬂs@éﬂﬂ RiEatib®N
cablin A centr a enment and control subsystem 326, typically enbodi ed

in a weevﬁﬁﬁ%& ‘E?‘“ ‘ﬁ?fe*PQP%fB"I“gF togrReYies destrieal ppwrnilPRsihgromprInisaY suppl y

132, tBﬁmﬁgwih%ﬁﬁuég&ﬁtam%eérwéﬂ%%fa%?dz%wﬁcéﬁﬁuﬁpﬁﬂﬁs 324. Reference is now
made to Fig. 4B is asinplif di agram of hub 150 and the

power supply sub@yﬂleema!E@Ud@ﬁ?)W@?@cpwfn”?dﬁnmdmmé the pyesept igvertn thyh 150
pref er ?nm\%ué% Q4R &6t mgl%é(seﬁt l'e?s?%% t&ﬁf@m% ﬁgxﬁ YoRedldaap! ¢ gch LABL S¥g tch 184

whi ch ctions asS a data conmuni cati on repeater and is coupled to
power whgpinypowet esrtfaamtt&$6vdrartmst@ vgia paindloggwkich Qaqapé. gAscsubsmm@n 180.

baen counted t o et e anatuphly s A OTBL R ERaTs PoVRE bl ertat by “a7
chectr] Eﬁ““*’?’i‘&'ﬁlﬁt‘?"“’é'?ﬁ“r o e s Lhat coner aupoly 185 My be
Syl Cif he IROBET SUPTLY TUFTRRRE 1 tht TORES (ONLne CRST UaR B erath T dSs dor

supp! ypik@ayS/HiRes Er{d%/ﬂalgl%ﬂ gv\ﬁtts?na@t W@Vall&?a'ubh”aﬁd b%@hmg dirGitd SBEAI&HCh as a

battery connecti on 203 Filters 372 are pre erably
oper at $agh fiiter bejnd @nawvaimze@SPEaABrtgen putRnicbfithe RevpRtisupply.

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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coupling, commonly known as "crosstal k™ and to bl ock noise fromth ﬂEWUUS
supply 182 fromreaching the conmmunication cabling. A central manag

and control subsystem 376, typically enbodied in a mcrocontroller,
preferably controls the operation of the power supply 182, filters 372 and

t he SPEARSHE iflterthde m%n@@@@ ptlLl?Qﬁty'o@ fﬂt@ﬁ‘s AR FiuPERY oPimdrl fowdBilo&@UPLES S are
not provi ded i nasnmuch ower and data are transmtted over separ ate

twisted [FAPHES crrﬁétScKaStPé p-reagly figar ByRY Gerseed\wWin 2t REABoWe QuipH|af the

i nt erfacgmq,és Qstantl all'y unaffected by the operation of the power supply
interface. It i s appreciated that power supply 32 (Fig. 3A), power supply
82 (Fig. 3B), powstillsfippley in3gccoriagce Aah an@re@@mre@wmneyt rézme Rprgsent4 B)
provi de . 24

(Fi g, anf " GRlh B R GEFRE By inliflon e Ui IES R MR, ot o
whi ch i sindeddsgnaomiinas aad posomn/mpnptyndhctcommnctaumdr:zcbdmgctomec(sﬁ)ue aiad t he
Sheor Bty F5R00RLR Tl B2 BulERTL) HRAOR I O ARE PO B o

The vol tages supp
ar e desigratetsaed pasbialisl of ﬁaJSerslerdﬂa ghulalityiof smah @odef zﬂBL‘:z&fcbﬁ&mﬁ hepoetbet ween

i s designat.ed in. Refer i S now made ch is a

i+ 1 R SERARhp oL RLEE P DRSS Vi sttty enbSEE AR SranRe Rt i
reporti rp@»w@r suppiyt adﬁ%ﬁabuﬂ&%as&efdah tive pbhe oeledihiand sondéctdd ©% podfef 3B and
Figs. 4 articul arly when DCc gh IS, coupled to the comunj cation

cabl i ng. ‘5‘#‘1’5‘%\ %W‘W@P@é?ﬂnyaf@bﬁ‘iﬂ enofowbicl it °°§%fi‘fée6r vig GomipHpiEH 1P ecei ves

a vol t agebliddPiélond ¥k thel f1041S R A¥ESs. supply and generates a signal which is
proportional to the current passing therethrough. A voltage input -Vin

recei ved from t heApdienallyupplagegdancri with Jnprefgped pmgodigp)t, ofi 3 PRisgt 4A) or
182 (Fi ghyeftin E Btb QWu@eslﬁoéatt?QcﬁmﬂHﬁ O#{Fon UM AR Gl Péwé&éﬂ? figlls¥ipdfe hanged

fromvol tage 1 nput he out put current Senso supplited to a
mul ti pl iiesiudgs @ combinpa rananageMou aMc@hroaumtJarrdea:gower sumsnekm tummum@éaiornce

VoL a0e R cobhh LGP RES o AR TRBE LELRT O BSR4 LAAE RONLCRP 406

typical | converters e reference
sour ces cdmsmcremeludes o thtraluy of reputtlers fand ra ptanahg'eméﬁllter&ambm phupdlitg of smat s 226

(Fl g. .326. and, 376 (Fj r%)l fer via a
b Y400 PouptdBeitionthon Febariif Subis Sspedho Bien tolnr heloa heRbLUE R Y Vi
out put sand a GBEnthataﬁrcﬁxt;ﬂﬁéf ﬂlreQJoSAdpplppE,d afidtha Wﬂmhtopbnaﬁwt mrrepmdtostm tch 48

2 receives in ut vol via the current

sensor ma&mmpﬁnawa%@ “&“é’ﬂﬁ“r“é‘ﬁf“ SRR PR Aad O&a? heg0t . out put

vol tages +Vout arglilt fodhker ain€ a@BRlah@d vath laNpiefetret Oerabbdvidar CEMMRr pREend09
whi ch out puts a d| gital indication of Vout, which is the difference between

+Vout afftyentigg the hylyinclidesa HacIPBHRUTREAEEN CORENEFPE die ROWED BURPE GiStribWpr 276
(Fig. 3Bkhdd28 dobibther 4l 2Pdwdr M;ﬂ Qhé%nﬂ{uﬁitﬁﬁ@fplc%mgacoghb%tﬂﬁlz dathe

out puts of caonparators 404 are supplied to managemnent control circuits
226 (Fi gommpyicatipy goyqengjatogpy, thes%nl(rmrgo tfwmodasadheswberrer gnchiys pplradifiabl y vi a

DU 407 of G5 RIS OF iRt 5P Rurkf) W il dollcP MR A urG@RS T e

DC current flow ng
circuits (SPEARSs), 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.

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, 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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The outputs of sone of conparators 404 are supplied directly to CLIry ggt,.\l 3
limter and switch 408, while the outputs of others of conparators 4 'a?@
supplied thereto via a tiner 410 and a flip/flop 412. The conparators whose

outputs_are hed directly to current. li.mter itch 408 provide
o eSS b PRy o B g & Rl e AR A PR TR
conpar@tvar Supplos endotHepSRBARNE opetppld ed attomaticali@ndisdonndct ar nadedcamedteh 408

via tiper 41 nd flip/flop 412 provi de | ayed action, current cut-off at a
Rt 1By B Dokl VSRRt ; Pasiets PEoPHEnaer ok G SRR &
whi ch realdeideamRiied epiheol of the operation of the current limter and
switch 408 by the m,anagerr,ent & contral circuits 226 (Fig. 3A), 276 (Fig.
3B), 326 (Fig. 4wditigralle7e pepyangp)vithy & piglered7embadimentaph teeiPa¢seRf t hat
the abmedienes bt REEAR (el EihmtcalTB calERrRer, BRSSP dutily LiGimEGat i ve
lead. In such a case a short-lead would be connected between the Vin and

t he Vougludesta icgmbinet laad aappwerciuppbd théh spmigicsterp catdimgscapmetthahe$SPEAR may
al so I i alternative e ef erence . i w 2 Fig. 6,
i oh CuRARAEE YRy LR o G IR Ses T SADEF ihdulSH iR 3 on
of t hefeniydesnedta mifirakiygof Biterd Makmpainalag of daattipoader eifcati@nasd raporingl s are

enpl oyed .i Figs. 5 and .6, the sche icill ration of Fig. 6 1is

ol 1 csapitedsBEARe) 3 qa0alapery oo Ehardruis and bEPEAR AR sVt chile ! seness,
no ad@oweRnPplyl Qxd Wl SPEARI i Rhérativd RefRethaticallPURYsMRE htveiffom Redogeence i s
now made to Fig 7A, which is a sinplified block diagramillustration of a
LAN nGaRierise dheratocdisniaving an @yaeyrent sopdion fliouing: AleRsecs! Fpgrgrammablyng 2A
for e : : . separ at > ' r e at t the
i T cuP T Sieap gy BEAGY 0P ip SRRl S S ematEny kBl e RSB B S o,
for exdepliaoilongsr displayythe Bvercurfent sorslvsont ypi cal constituent el enents of a
net wor k node 50Q..,ixacluding a data transceiyer, 502 .a ins-fed r
supply 504 and g%.llli oﬁlé‘erot“hgdrccoer?%‘rcrgnvéﬁl%@rej@md -"'“‘%"f“i“le%f’% %Ogregeg%\gndi ng
on t henveotiot therhab iifofudek at dwea comteudibstionndoecdnaraer,cthe power suppiypdistaiblityr
corrprisg‘é a separ.ator S08 which ils g_Perati ve to reaggi ve data q’gddgl ectrical
power "GHEFS éo feratidon RAYGT iSHRP En b THPRRIFAION 30 5RE, BTRSSHR TFo%dhe dat a
t r anseghmenicibh cdnentrati? A Ak orABIMEY 1oatE Rodes] e oBBMBUNL AL HpRirgigpl i ng-f ed
power égc?p%y S 10, preferably form ng _Part of network node 500, which

pr ef ePafuplehbaRt & Plurdlity &f dilies nd Gep By ATy PR 3B FAFOR AP JEPRIFING Ui t abl e
Ci r Cugikdutts ($18E RR §NERH cSuMOVhefRABnAL tdd Ha 2 fier WMAILEPH AR & 24 BRbUL drgl bl OCK
diagramillustration of a LAN"node interface circuit useful in the
enmbodporertsspply, Fidgse SPEARNtciREest » cursspasgriser whichxeiveala witage owet Y92 -

199. [ ' t hat ' ' : ' ivel b
pui | ¢ 0 SORR L 8 SRR sl Waldiis Fromdnal o i Elupdh! sy TO B
t ypi ctheretooggh, ok atmdliglieoyt o compararet vaoeikingate sigbdl, from cheuclirmagyt aemdat a

transcej yer 552, a i ns-fed . supply .554 and various other el enents
556 CRLAIE 555 BhE fFE CRTRCYTBRA 19 o8 eRREt FIaE < eh EOTAEIPPRED ci roui try
typically conprisRebdy fReNRRednes voitheWduehs b PghihiabR feferéeaionagdat a and
el ectrical power over comunication cabling and to provide a data output to

the d¥UECes pRthescaive eantioh mpyisdiom HanageleRr & EORIFOl 6UEYt to a communi cati ons
cabling-fed po : rabk vy ] : de 550,
whi ch preferab}l%&dpl)%&l\/\g?gY?eﬁgg%ué%)gﬁélf@gﬁ@yeﬁcgg?%s ag%g;sp@iys%%dﬁgﬁdy&gt her

sui t ablcarreit llgwiterrapd Rafchrehicle récsives geput 8Altage8¥in whi bh carrentsfempdr dnded bl ock
di agr ' j.ons, of;. variou odi ments of a coupler useful in the
enbod%befgkgsyé#éeal{'g%ng%xo%a@ﬁOﬂt,anS\fﬁlgbvari ous enbodi nents have the conmon

pur pose of couHurthernidce fHavaRitputsfitiecangpmalors Gaalyibesupyliel ito gnanagdremt &upset ti ng
t he bal ance thereal ong, whil.e producing a.mni nal change | he |ine

| npedMCE! LIS ET SR YOS RgOSHaNaE OGRS FHH 619 PRevmethe or mer s
coupl feslvinp ireligh thEBBEARA describes a coupl er 600, such as coupler 220 (Fig.
3A) or coupler 320 (Fig. 4A) suitable for use with a LAN in accordance with
a preferred enbwdi fEHer gp adsardppcgs ith A nRERETed renbpditent c Al ithicINGRRE8t a pai r
of additional transfornmers 610 for each channel. Transforners 610 are
typically 1:1 transfornmers which arg® characterized in that they include a
center tap at the secondary via which the DC voltage is fed to both wires
of atwisted pair. This structure naintains the balance of the |ine and
prevents core saturation. This structure also has the advantage that due to
the fact that the sanme voltage is carried on both wires of the twisted pair
si mul t aneously, the occurrence of a short circuit therealong will not cause
a power overload. An additional advantage of this stn.~cture is that it

wi || not cause burnout of a LAN node which is not specially adapted for
recei ve power over the tw sted pair. 50 2. ~~11t,i 2003 Fig. 8B
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This structure enables the two windings to carry respective posrt 3¢3
negative voltages via the sane tw sted pair. An advantage of thi s ‘r U e
is that it applies a net zero DC current via the twi sted pair and thus
elimnates the magnetic field that woul d ot herw se have existed had the

twi sted rmrlﬁorparerﬂu%qn@&aegtarcra@anéonrrnmmﬁo§me%z&smﬂe%%ver Ell,l;ﬂa[v%g r%%&rr' bes a
coupl er 650, such as coupler 220 (Fig. 3A) or coupler 320 (Fi g.

sui t abl éqiusies (s gompingr and ANOMST éerar&ydanéenwwwaaorppehl@grmn%om Wt of

t he preg Che 1 RELHAE ich

e rect i vo bR ERte RERor s e | SR dp Holie anfARE CokBIR 1R

rel ati veluyalt;y nf)lceupiﬂd eadest which imdudes et b:nStaajdaxt pﬁrradlsfcurrransfemhrbavmgzrag 8D
describ P h as, .co en 320 (Fig.
an sut iR SR PR ST el ST P AR of PR ERadE nen
of the pomesand therst@nti on and which includes two pairs of capacitors 680 and
690 which effecti . ock DCfromre ching.the LAN,s This structure
is also relativel %g‘é%‘?ﬁfhé 'anifcaréjé%cengft %F’gecgﬁ"é?ﬁﬁﬂef’brfg.l her BRSEBr mrer .

Thi s st mweitibhehahs® idtasies heatad;maruagaxdnrwacamatdrqhé pewtegipplyhditiribber same

vol t age. | carrr .on both wires of the tw sted, pair si rrultaneousq%, t he
occur r elfcldEy a £ F Bf raevet HEp aI”%fn@OWF’F‘C"’r%’E‘ @hlitge canissitetheoddt | oad.

An addi ¢dromadicarbiaditnd@eraRt aihg coibuet td ehed Bodel@ind the Woklbimt@tinSiadksea bur nout
of a LAN node which is not specially adapted for receive power over the

t wi st edPIpEiify ofcogplers pagheaf shidhdaclydes auigtse poeipansicsmen %rschcwlpﬁrwerzzzé fFig.

3A) or geupPlRfuddLDsdeh Hhkh RUbfitiloGwh QL A £aalfapce wth
a preferred erlrlbod??renhcg{)y tﬁ%eﬁgsreser?t WI n gﬁ??%“&%é%mtl ?ﬁb%gea seC

bal anci ¢rgnectedrbatweot ghe dwpl sepagatei wiodings a@brvmxdereﬁ‘wwelyonmnesésthewcpar rs of
adj ust 4 eratd ve |n
con unoyrgnB k| YR oG BlafhEr ek HPBURN I liottld R RLCHRRRI L |

a partilbll ar feature of the enbodl nent of Fig. 8E that the tvvo pal rs of 51
- 2J1J;,~ 2003 a tabl e i ve bal anci cuits 702 an ich are
operative in con}yﬂﬁg?ril%ﬁcc\‘?\f Cerat R |e{/r%§§'3$1°s‘{"ﬁﬁmgﬁgl Rt %"i“rocrz’urets 706
and 708war ieclopesr 2 tdataecomtmumitiatibmlconcpiitextirs eieypcmki ndupplal distabiitag @ésclhaieseach of

the two_wires npr|5|n wisted pair c ed t her et Normal |l y.t he

out put RSIPERET ASE & RPr e B SPBE B R SerbHS Lok PR 401 at i on
t r ansf Qfoﬂ&rntthbE) viadhe @Bmbiaientcth addes 0dndithe co6abiRkeinciio. a }Me b RapLIBE Y
|dent|c fJFFé?Qi; a]Ej a{_ﬁ_)resald %g Ired,to each of the two wires
conpr i s‘?’ blog Dg qm reapfupgethe a‘ﬁ& HRUGPGIHORFENLRIBIOE t he secondary

wi ndi ngs of the icgpl @kh@nid ﬁ@d&?&aﬁééﬂ%th?;%r@ﬁq@& hitshdandae SfEHeE Bresbhiows

t her et hrough. Thi s obvi ates the need DC isolating capacitors and thus

i mpr ovdBvanHen Hig| @henﬁgdeaﬁonaranmmt%ﬁ@nmgameHmoarer S#PRINEisHE R Ter . | t
IS apprigGads BVl ygoul d not
be anylneed e%rcsrg%{nfve bga%#g?rsigpﬂwe&ér géflngﬂhic)(uérﬂ‘éé’dlm orcrilﬁér?é‘ln?ﬁ{)?aFr g. 8E,

i n r ealdomynudisatierocangeniteaatar osthe nomheerm@theemdss, and gealoomier kemprisdsrte/o

communi n S I e each res of

t he tvmpg?ge ?rba tlo}s 9“8@{ %ﬁgﬁvew lr?tl c% %cﬁgt%%&a sglnécgﬁ%f E%Pl ve IanC| ng,
t hus crceattermrgoa DC vol tage drop across the secondary of transfor msr 710

whi ch coul d causﬁﬁ&i.t haglr satura on ff* burn of btransfo

Ref erence is no HRY ' BEOTRATCH s é’fgeﬁfﬁ‘ i PR & e pquf’ﬁstratl on
of a phsfeatisrethe iniplifRIat atdlaﬁrboﬁrfmdnhﬁncﬁfm&dmwr oY pEWEr sxﬁﬁry iisaboteeh as

i denti cal [{eference nurrerals are F }I10 yed in bot h Fi.gs. 8E and 8F, the
schematTeuder |2y SembifsToMidot PRIVE. SupplY; dhe EPmByRigatiay T:i’r?“%%lcf’“’é%&ﬂ afi¥fy and

t her ef @b@muhRAtidnNEonteMi@iP fviaCAB ChbMBRESH, thE hod&diahd eRA¢ontENd URIMPFRESRI PLi ON

t hereof is prOV| ded herein. Reference is now nmade Fig. SG which is a

si npl i FelEHal smﬁpa%tor-lerwvrt@mf@rrmeﬁresacqn@qarempé%icqub%n&wtat ion of the
enbodi nent of Fi grefepfpiy | trrélsgmé? &g edlitHib@br I BERBEN G MR Serfid e

enpl oyed in both Figs.” 8E a the schematic illustration of Fig. 8Gis
bel i evéenctionahity sel f expl anatory and therefore, for the sake of conciseness,
no additional textual description thereof is provided herein. Reference is
now made to Figs. 9A - 9G which aressinplified block diagramand schenatic
illustrations of various embodinents of a separator useful in the

enbodi ments of Figs 1 A, 2A & 7A preferably in conbination with the
respective conbiners of Figs. 8A 8G 1In addition to the conponents included
in Figs. 9A to 9G these separators may al so include appropriate filters to
avoid interpair and interport crosstal k. The vari ous enbodi nents have the
comon pur pose of decoupling DC power fromthe conmuni cation cabling

wi t hout upsetting the bal ance thereal ong, while producing a 52 p2-~ ~>
;~ 2003



m ni mal change in the line inpedance thereof and preventing satu atijen @r
burnout of line transforners coupled thereto Fig. 9A describes a Separad 8?
| 600, 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 ?f{cﬁddi i gnal trans]‘oti rreiés 1610 .f or, each channel
Transforners 161 [éont'lb)bf AOMST 19PP'% T IROFGF maY dnitiedPosice MeAMERErERi zed i n
that t heytrdinahitdehish GRIHiBEs haP cahirdlh @hd IpobRF YuMilRd WAl ¢hichiendd val tage is
extracted fromboth wires of a twisted pair. This structure maintains the
bal ancECBMYHELPP@bERE prevents core saturation This structure al so has

the advantage thalnffich® hiiSodAGt it diliBLABIEmYOlhaas: | £AGRLAChON both
d pair simultaneously, the occurrence of a short circuit

w res of the tw stec ) ' _
t her ealVertstatian whish iscengsative tpeawsrn B epketssidn ofsriddawver mamakemevtahcagelof this
struct tdflg_ is that it will not cause burnout of a LAN node which is not
specially adapted for receive power over the twisted pair Fig. 9B describes
a separator 1620Fushernoss irs @apeurdimoe WAR 4 Fireferr@d\)enthotingdnt eoff ce pmesenni t h a
LAN i ninabcccl)rd nce Wi th a_pr eferred errbtg%i ment. offthg. pr esent invention and
whi ch THEMIALECPABISY VRHHAIPR §AY TP HIFPERHRT 8f THIR s RV L JMATagssThel .

Tr ansf @r ¢ontdl LGB0 are typically 1:1 transforners which are characterized in
that they include a primary 1632 which is split into two separate w ndings
1634 and 1636. APteigsahly they Porea angnagesmnnn o camiroh apieemmunisaien gsth waipuand

1 636. [Hees P2 ahia QomBhuTicetdn ¥c¥ntRRNRGESy %ohgovEMpthWr REDYSndd3 oT§oWes for

hi gh frequency signals, such as data signals, but ef~"ectively isolates the
two wi RBRgs for DC. This structure enables the two windings to carry
respective positi . negapf | | t.ages vi.a th W gt ir. An
advant age of thi !é&?f@%% u"r%eg‘lgdso\{(faﬁg% vi”f}g zapﬁ?[%fggeda%ﬁ%?&%g%to o%(f%gu‘% rg%ﬁ% Vi a

t he twinyemebnghé powerdndnhgesnent &ndanab it dvenmugeuedsi witf valods hddds waednetol

ot herwi se_have, exi sted had the tw sted pair carried .current i.n the sane
i 1 ect EaBR e of o e b a0l Bl ard Pnilow! Ras(ioRTIune pites Bt 4415 (i
2A) , sprtigtifiectiontlity $profitiéd ededfN 1 N accordance with a preferred enbodi nent
of the present inventigon and which includes a pair of capacitors 1660 which
ef fectively bl ocRid4beomaily therRosteR magagemenhecronepl il seases #13F g1agtsPgeelie is -
rel atimelpswet Gijply ARGIRES RAtavABBH £ SR4AELbAMRdssdot 3 ThNeMldes i3 9- 9D
descri bes a segarat or 1670, such as separator 142 (Fig. 2A)

] , Suitable for
use wi QRerase InsNbackumerreduradh pewer medea pref erred enbodi ment of the present

invention and Wh,ghed I T 1C j ; whi ch
effectively bl ock D&ﬁ%ﬁgﬁé‘%ﬁ?ﬂg&? ﬁgseﬁgﬁle&%?ﬁ u%@ch%gﬁgq@@u%? grgtg is also
r el at i fulIfynationgite aschtdeed uncobnalieyopearaican amicdint dseamaib! dincaisf ehivhris 6@  -- 2
1~ J " Thi tructure al so has the advantage that due to the fac
is carrie dofﬁp%g%elavﬁ?%gmg@ PRFEAHR st ed pair sinultaneously, the the sane

vol tage of a shoPHerecisrfatthdr privdde@iainoftgortiahde With aCirbfefed efbvdimeny of thead An
addi tional advantage of his structure is that it wll ngt cause burnout of
a LAN RGB! JheaHon @ mgthod Jatisating URghieed arear netyeoss Jerlyng rthe,\stsps 1¢fe

twi st gftopiding-a Kt proVigitles plukIRy oPnRRR A AN tink (RDplusite o Ao RERRIHRIRE 14~
(Fig. 2A), sui tabf)e for" use wth a LAN in actordance wth a preferred
enbodifaeRfovisiing Heta semswnication/eshusing a othmmication sable sl fopsrdting i payvesormon
node i o it rat I I LSt gbl e

ot vaThBy ShBOAH blovdeP o8 Bine bt B BEKATH oL M BEuE 3¢ M AT O, on
Wit h rmedpedt said cemmshicgricaredbleontrol circuits 1706 and 1708. It is a

ticul f eat f th i.ment of Fig., 9E that .the t ' f
R ust abl e acti VESBaldl0, RGVRR b Le 3452 S 1o e AP OHePL ve i n

COoNj UrpeésemninvéritionaB@R6d foY SetGifflip Ao Ardaoittwérk Mode Guh iscal 4R iwork 708 are
operat.ive, .t intain precisely identical vgltages on each of the two wires

conpr ilg&}lp@n&t P QHPI9%HNS A0} B VIdH G deplgrality 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
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Normal Iy the input of a LAN node is coupled to communi ation cabling via
i solation transformer 1710, which is not part of the separator 1700/ Nk 2003
precisely identical voltages, as aforesaid, are maintained on each of the

two wires co there is no DCvoItage across the primary w ndi ngs of the
eed for DC

i sol ati th h. .Thi b
oo | mpPovEE THEY BERMEE i A ca s e T eR LT SRR 1<
appr eci aebcedxrichnatngmda]afoeﬂmmdmnanst hﬂﬂmgt incafaky recxéezalg amyl p@ead indr daac tahd/ e

bal anci n rovided in the enbodi nent 01:j Flgg tions in the DC
resi staﬁ%éraéﬁ gWﬁv‘th’é” RORCT 19? WL LPY I 9318 < e 23 %each of the two

wires of the twi stiRe ipaisb pyavitded inatcobRinédeiih agtany@ebgeRi6d BEbodidiels o€ €at i ng

a DC voltage drop across the primary which could cause either saturatlon or
bur nout tGfPTEEANEVEticRr2 Tried f%éﬁ@%%e% % 103 AP BYWORS Jreuing s 5Py &f a

si npli fpedidrard e provitiies @rpm@hty@pln@a@n&@m@m Qhe plea1BNBOHER hOhu 9. 9E,
i; and 1706 thereofp | nasnmuch as identical gerence nunerals are enl and

9F, t hefos@rryviding datq F@rn@tlma%trq&nwaaﬁomwmcym @blm idBd) BPErREN PSS SURBK for t he
sake of &%&bﬁfon,%ade C%@%ae Qmﬁmig%weako HaSff | o%e mh REEBS of pdBef erence

S nowmadeFlg |sa5|rrp|f|edparto rre

i npl emevia dkd mnmlﬁmmenmablam enpowdr fEppjy @Enbutomgnchxﬂelgtm“st adngggment 1710
and thuf§1 ﬁ%%&tors and thus there would not be ;, inreality due to ~
system f 1 in the absence of ' transformer 1710 matic illustration of
di ng el enents 1702ereds ipnovidddhinFaqgerdadde witbrapothed ptefezredf omtedimend efl theer ei n.
mat|C|IIustrat|ono i el enents 1704 54 -.?J ~ 003 and 1708
{her eotPEITAL 3R 2 et orce BRERR e 568 Srehasape pepeet songly 5P dor
schematise ih bllocl ek inefvavk cbingrifte tis sbqisicff\&dnd!iﬁg bl d aeﬂﬂiﬂ prbwding e sake

of conci se es o additional text descrrﬁgpt'ﬁil ther is The ﬁl rcuits
of Fi gsPUgHY i@odss and commpnifation b ‘Bg CAMS6E r@léy Y 1“8‘1169 QAGUR FSr ef or e,

Ti ded hebalRg digital communication therebetween, the power supply distributor being operative
to provide at least some operating power to at least some of the plurality of nodes via the
communication cabling.

There is provided in accordance with the present invention a system for distributing
electrical power over a data communication cabling infrastructure to one or more electrical
power consuming network devices comprising a data communications cabling network, a
source of electrical power, at least one power/data combiner coupled to the source of
electrical power and to the data communications cabling 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 implemented as a standalone unit,
integrated into a Local Area Network (LAN) hub or into a Local Area Network (LAN)

switch.
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that the voltage is identical on both |leads of the twi sted pair 4@ whiichg
they are couple in order to prevent current flow through transforners 171
(Fig. 9E), This is acconplished by the circuits of 9F and 9G by changi ng
the current flowi ng through the active filters 170 and | 704 under the
control of erRnesw&/dhtO0b k! ﬁ@ﬁcérﬁﬁ@@% b @AMy JREaff 6M1GEnhus pARWaARAE 1O
Fig. 10A, which is a sinp ified block diagramillustration of a

comuni R 783 Rlye IOMRE PYIBVIRPTSofSP d813ppI PpriaandadiityBive APV HPUL port
conmuni i S apd QRS Vv ceayr :

prefer r@?lg%b%gé%ﬁ% Qgéli‘lﬁltg ﬂetmp%ggigﬁ?’ ?ﬁvent ir'g%\tl.a gosrws?réégnlgiodggiﬁ:?cg.twi%%vgt her e
i s prowviegeiahirpucal AGrmesinneawsy rkeeplapls) arcwmpieits prable £ okvgh Segpl0 (Wi )t aps

coupl e ing, . preferably a structured cabling ystem to a plurality
of LAqurll%t ée(rs‘,&)%géﬂicdagacs?R’zﬁfm(’fgskt op conputer 2012, a web canera 2014, a

facsi m | e nmAhbipreve2diR, combisAN do@lpeipdsomeansafos dilteniaprhigs fraquenty heisephdne
2018, a clgrrgut r 2020 and a s.er{{]er 20%2. I n accordanc,eag/vith a greferred
enbodi MBRE: 3PT PREITS B AYTIHVBTF oIR™t AEFIEIFYS AGMGYit8E" HOp SRR A

subsy s R 3ngMteCBwi Be@BRSyFIdWEE sigBalltb avili GRonRthd EASinROSRpARWE/HAY Of
backup power to at |east sone of said plurality of nodes via he hub 2010
and t héisByARIHPE detrgmedrPrhandoveretd Fogitions o ibe eambipgd @HiRutIPANEHEARS. | n
the ilkysyrated enbodi ment of Fig. 10A, subsystem 2C30 is |ocated within
the hub 2010 and includes a power supply 2032 which supplies op ating power
and/ or backiipe ppiem furthey eomprisss & AMnzgsiest wiitfor mengomngandqaoeviseniogblis ng. The

communj o) | nect |t 2034 .vi a conbj.ner 36 to the
e e S T s e
suppl yio2&xa82 irathenlatahenenuminatibmsadabling w@bbikng to at | east sonme of the LAN
nodes Bidiregctional data co ications fromLAN switch 2034 pass through
he. conbi nelToBSAC St F30 be, Ml THRSAL F5 BAPIIGIRGET TeEEbadBach w th a
pr ef er figarofiridedtere MtheOhow diRlafyr @&ﬁﬁinérnMWtcbﬁlErisé Rer £CIFC R VCARY pb@eub 2010
a power managenent & control unit 2038 which nonitors and controls the

power SQIFEIGTEPr Sonvering, the Sravieh Iovo frequencya Powerssignalinie @ag of merg putput
commnj,&g%jegns cabling The power nmanagenent & control unit 2038 preferably
managenment wor kst ation 2040, preferably via a LAN or a WAN nmuni cates with
a ent wor kst at i ohhesg is also provided in-accofdp@@ itk thej presgpeinyeition 2 peidpeéfer| y

under &iﬁﬁb&%@céig&ﬁ&’ 1 p%@:e{’&%gtéﬁ{a’ coh%&%‘éﬁ&?c&bﬁ‘fﬁg ‘?@ﬁa&?&%&% t8foné)8ry\ﬁ{)re

managenent ontrol "uni t 1S apprecrate managenen
wor kst el¢dtmenl pOder compuming eetwdrk deogsy the imethodfcomprising e spepaef germraperment &

control units 2038 The r managengnt & control. unj.t 2038 al so
commur PGP Eh PO SHBT ERR ORIEe Of Bler AR Senm30e B R ORIy

st andagdivel AldnaEmsAg dstat @minliRicANESSsidrREbERY cirfied OVET the @I domadihicefidnsnode of
pomeroqlégﬁlg%e For exanpl e, power managenent & control unit 2038 nmay send

cont r SEIOEC ShrTEp saneratfor GRBING] POYiR/dainsigRAkeisansmiting eheciombiRfdd by
cont r qddvRkRatalsid A€ ofild i dafay cSHimii&Siond cibl?%ﬁghel"&'grkf PdcefsAHY fre! dohdbghewhet her
full or partial functionality is provided thereat. In on€e specific case,
when tHeavepdakar signmh £geied mver theo date lomgninica@@B 8alyimgsestwotkaandnsrlitingptifer t o
power & I vAal | i nd... r ia LAN
switch g‘%@f\ﬁ t oqgég/&é% S&ﬁg %’aar%itlc’)%ge I{f&ﬁl dtf:%tc")1 es n?@l%ﬁlg? gi%ggli S%b%g%gz@%gm\ér
r educ dow gegeenaypdever signal.
Further in accordance with a preferred embodiment of the present invention,
the data communications network includes an Ethernet based Local Area Network (LAN),
Still 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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It is seen that the comrunication cabling fromthe hub 2010 to the desktgd)
computer 2012, facsimle nachine 2016 and conputer 2020 carries bo¥’hJddt 403
and backup power, while the comrunication cabling fromthe hub 2010 to the
hub canmera 2014 and LAN tel ephone 2018 carries both data and operating
power and the conmidditatniaby ioabicprignder otitht heprafsbred centbhdimser \oér the O separ ri es
only dat | V.

accor danaiv it ¥ BicERe Kool PLERIAEHRR, of RIS LALE el PRI ]

appr eci atfemfntsmdﬂomﬁed;uanty pdneerlsr@hlalnmzhelsg 2@ 12 rent20 204 lamhﬁrezjuemcezqmmesxgpedvver
over the co n| ca n _ca udes a separ.ator for .se at| t he

el ectri cal®"pow % CPH%CCQ%%? fr? hgquef]?yug??’ t?—f%ng ?f{r%”f)%b e_inA

t he separaimit @oaéxedata/ﬁgmlde;ecnm &5-vall ahdotdial esqieisnk ve Séﬁl@d&r&bl@.ﬂdﬁl oﬂtbﬁ’t not
separately designated, jt bei.ng appreciated.that alternatively discrete
separ at orROVFGR &earlp TS SAVETHED [H6 SarRAr B F oA a eGPl iR P BoPfent of
Fi g. 10A dubsi: vBigdges. dat a and povver are carrl ed on the sane tw sted copper

pair It is appreC| t ed tha§3 . 10A il rat s one enbodi nent of zqsystem
provi ding el ectric eﬁé%ﬁltf efmfarl%frd {0 ARPHERPES WA JISPTRGE IBYRIER AR 2 on
cabl i ng %@ﬁ&ﬁhg'&!}c&ﬁ@l ﬁBbbsrbOer\éaéat@éb?nxﬁlﬁfl}%a@x‘aﬂ%§blﬁt@%f¥h‘§{m&tﬁ’ﬁa@6’b{ﬂ"@&tm@rfe
system providing el ectric power towg ural LAN nodes via a
comuni c&lactifak @BWEN gowm*ngc tnr:tmyrlf viseh incduding japdaga qutmnn@afégom% cablmg
illustra |
i udl ngee SR AEeed Uecti pRld phtelBlRedhs (G BheBifes 1V ktoncy
el ect ri cabwpowignalt omothal soarce aof re¢omarak pnwdescomberer crmzmamomd:d on tlmaldhtang 56
2 -l ~rd Z%Q%m%?fn%rcg e Aew r?vt’h ombr%grn'fagt ri E fow exrtT;.p ower
bl ock di ag PEM T USFAIET o a e Sttint catd ons Pr’gf I'nc I|)oower
supply arsxgnarlanmgedaltommemcnmmmgnﬂabrngmsmealmk/en’tge dnmsdmnnumtzedmandnlmg
operative in _accaordance with . a refer ed enb of th pres ent
Thvent i ofemRef SEdh 18117l o comeindll R/oRE R0 aRiar Pwl Ra e «
(LAN) coimgjéedtdnngf thehlohy Z@@enwhipeWert Sigagluphtedihe bdatL abthintigcatiphefsignaly| the a

structured abli.n stem to a plurality of LAN n S ch as a desktop
ot or TeiiERon ihguive ot Bohed i Pag 1P| iaICRRTI S JE A eAuoER power

t el ephongig ndll 50 liknanitasrdn, bRrat@dreRbme Sor388eting tsé)rtrwteqﬁen@?;@wenstg@l server
2072. In accor dance with a preferred enbodi nent of the present invention

t here i sfigrothedwnbined crparer/dasp sigpak ek Jort QipwidrDthgrorgmal data fomupynicetion

provi de g "gnil%ﬂ&iheﬂ%e&%(z?hb»@&s hajpackup power to at |east sone of said
plurality of nodes via the hub 2060 and the conmuni cation cabling
connecting the hubfurtheymracenudancaNith @ geaferradrenbodimdnt ofshe preet mybeseintbait  of
Fi 0 108, gadRoti ek ERS0cddnl QoSN AMR bh0E L RUR 2000, 806 daghudes a pover
supply 2082 whi ch supplies operating power and/or kup po r to vari ous
LAN nodes vi a the Stdmfumiiecaini snsomlaiei mith Fheefeordnemibodimenn of athki prgsesbnnect s
a LAN swi 0 p Y N
nodes. tVg’b&oo\?\ﬂrer%e gé{wg} S%p Bﬁ\tlgg‘r” i(%eﬁpgt 8‘\1/5%%%’9%%@ hed Ffo(?n 5Wer rlcr)lrgnLi)t h‘Jgﬁpower
suppl y Zﬂﬁaptarile)n'@tet hm@osmpmyl dxatceomay alzbi begadapredt tol easte sienteicalf froinearl AN
nodes Bidi.recti o[r)"latq datg@cprrgrgg' cati ons from LAN switch 2084 pass through
the powel™8PEPY™F AORFY alyA substantially without interference. In
accordance with a Ad&fi@fangdnesdoedan®nivitdf a tfiefeREE LRBLAIMRMERE 8, plelrar e i s
provided, in hub 2060 a power managenent & control unit 2088 which nonitors
and cont mr@*q"wembuﬁret’e%plpﬂlrdéﬂ%@nsza!b@gféwsrt}r@rfeeuertsyf*ﬁlée b iRAle LAN nodes
via the comuni catN(gRsvé &PhdcBiancENGiPL PRYerBNABEIRRN & tﬁ'é)gltegé?tt it2htior? 088
preferably comuni cates with a nmanagenent workstation 209 preferably via
a LAN or thg regatonderise invlides meank & aensing tboogreans ingheloatfreqeqncis pewer g1l under
the control of an 'z t n nt &
cont ol unit 2088 TR AR in BoABHETHERS, FREEALL WeRnBR S AT IS0 may
gover n t nwensjrarthe regniatef davita mplhéespoms foredeseytine no-ld ok orerfoadrionditio®Bs8. The
power ma . ntral n|t 2088 may al so conmunicate with various LAN
nodes V|§ ﬁ%l%ga&m dc lﬁﬁ‘&é’ﬁwﬁr dams |g| ng standard LAN nessages to the nodes
thereby to govern their current node of power usage. For exanple, power
managenment & control unit 2088 may sedd control nessages 57 - 2 ~~ c~i
2003 whi ch are decoded at the LAN nodes and are enpl oyed by controllers in
the circuitry of Figs 14A c~: 14B for controlling whether full or parti al
functionality is provided thereat In one specific case, when the power
managenent & control unit 2088 senses



that mai ns power to power supply 2082 is not available, it may se% A
control nessage via LAN switch 2084 to cause the various LAl ~1 no s/t 2003
operate in a backup or reduced power node. It is seen that the

communi cation ~rabling fromthe hub 2060 to the des> rtop conputer 2062,

facsim | e machi nesg6g,aRd igORBMLSI. Z0¥R £aféfkesd RN AL @}ﬂ%bﬁfew@
power, w ;le the conmunication cabling fromthe hub 2060 to the hub canera

2064 antVERIPT dhepylicne 23088 sy piresagimant daxk doranenispae 20 mjoyiEMing.aria t he
conmuni gﬁtda%c&ﬂ%di&giofnrs Q%Ihg%embbkttf?e %Wer {avc%lfnb?rgyszan(ﬂﬁﬂor\,\'/e?@atgghf’{ttgﬁ a 1n

a typically LAN arrangenent constructed and operative I m accor ce wth a
pr ef er r bdatedimthe detatcoofmurhentipnsagblmg detwenkt i on It i s appreci ated that each
of the LAN nodes 1-20 2 - 207pd)nmhi.&h rrege%i éesb (fwert qver t he commruni gati on
cabling, includes H EOAMEEEOY " For separately g BT ﬁ% RIFECE IV EdiOdd%er and
dat a. | exttaoion |devisé riadladesesb odi/DeEnpovadr dongertetOBr dobeerGANRIRC b ftadl Pw

typi cal i nt er nal t@ga{)he respective nodes and are not separately

desi gnatf & eneY P S IFeeeAr 89Te PPt APliageRat i vel y di screte connector may

be enployed. It iMofoRaf fnl &ebdrddncé QathuRefefred BAb&ITRGRH JTRAY pRterfiMend @B t hat
data and power are carried on _eg)arate tw sted copper pairs of each

S
conmuni BaExBACtOasevieg in¢lhdes antDEDCpowectoareter tfaneorreging 0Be ierrassed leves one
enbodi nedieRly fovdy SEM igg)ﬁélde%l‘fﬁgreeéfﬁﬁ %lga[ggpmer to plural LAN nodes via a

hub and co ni cat1 on cabling connecting tthe hub to various LAN nodes.
Anot her enbodi ment of a system providing electric power to plural LAN nodes

via a hub and comuni i i \tz,lﬁg ub to various LAN nodes
is illustrated in Fi g%%?@%%s GEocal area network

i ncludi ng a powerThaypgdeyit AnehtiohRAYGBRAderstbbd amPapadciarel moredfudlyifeten the
electrigcal power .to |ocal area network. nodes over communication cabling In
t he !II%@?‘?’&‘@%“&?@%@FWW”’ e’F‘i“gf.O”Jficr}ﬂ?,“.vélsbtaﬁgfé’ﬁﬁ”i‘%ﬂélwhrﬁﬁ‘b 2100 does not
provide electri CfFligspQWeﬁnch@Ere?sm?lm&l@éiﬁgrﬁﬁl Hakkdipgs andyd aRQWRTvesuppl y
and managenent subsystem 2130 is |l ocated externally of hub 2100 and

i ncl ud&Fbedppgisy ofalpprlyaremmepvetkiinchidingbPevees suprly apérativepowmsevidneleericdackup
power t | I UNE i | - as:.a power
Tanagerone o o raheRRcadfolel fo R ATIMGALb il EGRirhal 35 B in®, X
swi t ch agd@dangk withrone préfomed enthodin®sho of the present irbvientagn; 2136 i n power supply and

managenent subsy 13 con he,.58  .: ~| ~i1,.2C1 C iner to
the various LA ~?}gr%g%§sa"$h€é1%8r%r?pggclre%§i%§ %gﬁjrf)rf‘élslust%a 28R% ?fz:a ° %gev\r/réa?ﬂ/?r omthe
power subplimehls3sr adbai grdahetvankinshidogta miwee alypply gpdrativatto Ipeadde dearcaf t he
LAN nodes Bi dj ﬁ;gcti onal g%atg communi cat.i ons f&om L AN s Féq(yg 2134 pass

£ hr oug ROPREICSREEiarmenYa nodeaRFR ROMERHiga R RBRE Fansdiet eneperative’tn

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 3A, 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

38



In accordance with a preferred enbodi nent of the present invention, there
is provided in power supply and managenent subsystem 2130 power na&aggmnm
& control unit 2133 which nonitors and controls the power supplied by
subsystem 2130 to the various LAN nodes via the comuni cations cabling The

pover ManageiEnhsskiGant b cotfbider aded bi{?rtﬁ%fe_%{bégi'n}én&%m&iﬁﬁﬁﬁﬁﬂth a

managenent workstation 2140, prefera via a LAN or "a WAN. Managenent

wor kst ation 2140 i $igspéhat PUeareprimplfictbblpciudiiarant hed soimedt iBstanonspdr at or,
to govern,Lie GRESARERD Ph RONEL TROBORMER lenthofifiihisCbr MO 1) 21838 bk ihS

appr eci at ed that a nmanagenment workstation 2140 may govern the operation of
mul ti pl e cooheetiomwathsomhinergofbigs rol - 8Gits 2133 and may al so govern the

operation of rmnulti [t ] that tFk . i i l'ing
fromthe hub 2100 ? Lg%t Lweﬁp%eﬁﬁ)%ﬁ *¢o ﬁrbet%goﬁ&flcg%rar% Ifglllgusslgfgn1 e%lrfrg‘g%iafr?lée}mg%% and
conput er ezbd@incats ofes cixominickaioas assvdoladiclydingopusver supply end henggemennoeat i on
cabling fromthe.hub 2%00 to the hub canera 2114 and, LAN te}l] eghonﬁe 2118
carries BEOPAURSENRNGAYBEr SPHYCEDNAI ARF S 'RoAMIRTAOSE i D cAbPHERGF r om

t he hub 2kB0diteni Hxhs prevedt inddndidncarries only data and may, but need not
pass through subsystem 2130, in a typically LAN arrangenent constructed and
operative in accor B8cH At HBaapsrrliied plos Fafe Hlusgtiong et By alisspative

i nvent i oRmbbdimeh® dflal bkl 58t RAWBADRGILEREboREr fibfly add nfinaRaeh: &fit deai&N
nodes 2112 - 2120 whi ch receives power is provided with an external

separ at ofo Proyide glestrisalingyet tadocgharaa netyierk Mdesper eammunicasionsablbgupl ed to t he
comuni cation_cabl figg.12hNe 19K16¢ Gl plifER Blodk AlagraASHOGHALRToM hib LLARGST i Ve
nodes 2112 - 2120 are designated by respective reference nunbers 2142 2150.
Each suckesapadimments didsgsal (Codmh@Bi respeciovelysabl i ng i nput and separate data and
pover outputs. It iggs.ai%wcﬁcf%t & %ﬁ?ﬁﬁ?ﬂogﬁ Pﬁiagéaln RuskIBnD PGS A AR 4 2120
may al ternatively provided wt nternal separators and that sorme or all
of the npoey HY and2h2Ggement Bebyyster gketh! w tie enticelimets s€ ey dtldr &. 11B i s
appr eci a}eedechhea}t_ in addition to the LAN nodes descri bed herei nabove, the

pr esent [RVERTTOn is useful with any ot her suitable nodes such as, for
exanmpl e, wrel ess Fgd\ prce&ssi4poiard simdified geoaky dlap@ghisi 60 t8y sdiffbresd apdnt s,

pagi ng | ou eakers, . CCTV caneras, alarm sensqr 0 entry sensors,
access CB?{&ﬁ%gﬁat‘ﬁ?ﬁ‘{s§f“F%1a{-bet gy 8# gs. ﬁé‘fgm@%k?@g’ng 's, 59 - 2 ,~1Jw
2003 such as hubs,FigWistic Aenplifidd btk & franioNi hédeScoafiguraBdowiich@eibipedini t's

for PCs %g workstations In the illustrated enbodiment of Fig. 11B, a
convent | BRAFAHELSIOYE 58S 17612 p#Bvi de el ectrical power over the

conmuni cati on cablFig.gl@msda?eﬁgwedsy&p&mamdstfmﬁgaq,@mﬂtmaﬁag&mt empddB0 i s
| ocated externally of hub 2150 and includes a power supply 2182 which
suppl i esNUPRlRerign FadesducsA aPyer Bade b ths dROrksef 7 igsi le‘g 19ﬁN1h?9éfe]slei a the
conmmruni cati on cablg: : : W2l 83.
The conmuni cati on F&%glﬁ??\é@@(ghﬁgg‘% goggpl{_ﬁ[rl\i“g%?\n&tﬁ g%gger%?gﬁgﬁ ggg{rﬁgﬁwgﬁnﬁa{ hub
2150 to ko;power supply interface 2186 in power supply and managenent
subsystem 2180 and..gcon i_ner I he
power supply int e?FTl Scé g%@glépépg) ?@g@rg?égée??l%gfﬂ%‘gé\%%qﬁ ?%@F%ggg%%érﬁ suppl y
21 82 al osmbddimeent ofithenneaddanon eabinitiag pbweratupple distctismriiey ohich hepdasNnrifogles.

Bi di rectjpnal data comunications fromLAN switch 2184 pass through the
power supply interface 2186, substantially without interference. In
accordance W th a Rygsef®s ried, esdasd meDtaredfentlikizepfosehirtd e iitdsotting drere i s
provi ded in power supply and nmanagenent subsystem 2180 power nmanagenent &
cont r ol Rmf‘?‘ezflgéh%ﬁ%fmn%ﬂl tWBr 84 C%‘B‘ﬁﬁ‘lyof’ erpd Hovisr ‘%V\llﬁ\’ﬁﬁlt‘?rédp r

subsyst efnrk&fert Qtep MEth¥ Abwei4as deAly n@des via the communications cabling. The
power managenent & control unit 83 preferably comunicates with a

nmanagenent wor kst digSof04R 208, 2G5 andr P pie seneralized Awisharks sppiNilluGHA RSNt

wor kst at L Qeb1R 1R HafisAPRF #ill BE redlictd GhaRbNalitN ABkrati i inf Qﬂtifl%luﬂag'a{?o»o&er ator,
to govern the operation of power managenent” & control unit 218 t is

appr eci amngmgerhent step natha fewehatt ofdrkdbati on 2190 may govern the operation of
mul ti ple power managenent & control units 2183 and may al so govern the
operation of nultiple hubs 2150. It iggseen that the conmmunication cabling
fromthe hub 2150 to the desktop conputer 2162, facsimle machi ne 2166 and
conputer 2|70 carries both data and backup power, while the conmmuni cation
cabling fromthe hub 2150 to the hub canmera 2164 and LAN tel ephone 2168
carries both data and operating power and the comruni cation 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 arrangenent constructed and
operative in accordance with a preferred enbodi nent of the present
invention. In the illustrated enbodi nent of Fig. 11 B, each of the LAN

N ”~ " ~ o~ NA =N e



- ?_..1 1~ ~~1 2003 respective nodes 2162 - 2170 are desi gnated?bymll 2003
respective reference nunbers 2192 - 2199 Each such connector has™a
comuni cation cabling i nput and separate data and power outputs It is
appreciated that sonme or all of the nodes 2162 - 2170 may alternatively be
provi ded with inteFigal21e0nnBCE AT SnARID tahagens@iRe D Flo@thar@featth@lunomiag 0dd 62 -
2170 may be.b rovi ded w tL?g ex(gf:r‘nal éoqnector It is appreciated that in
addi t i onPESFLIehENICATTEM e 8O JRHRIEE JSIAFY dTfish APETatiPR el e ¥RMALANNPORET on i s
usef ul  wnhdhgaRyniakdpah sliidvadbag opedesssuch as, for exanple, wreless LAN
access points, energency |lighting systemelenents, pagi ng | oudspeakers,
CCTV caneras, al arﬁ?ﬁ%@ﬁéo?%fg: WSoindetil? yresasneralized Bowehsss et iflstrating pae
| apt op nent - . i )
o or & ang bl A0 SRR sep OG0 oBRaAD Ry FULBERTE D ANRRE)
made to s&pgn theofowetaitatiFigs 16, sinplified bl ock diagramillustration of a
hub) such as hub 0,, WS (RN I nmhodi nment Fig. |l OA .Hu 010
preferably conpri ?i) > %Jg"on\}yenztjltoaﬁlglt}%])g%re e?eglgléﬁepgéoa“\llcg%t%%ﬁcg,'mtsﬁ'ﬁlg%o %h,
such as foédiblsevim¢ahhniz@3br (Hl gr nd GAgctionkitg hprioditicéd op&raen @ gdabRintwynpowercat i on
swi t ch/ re%%at er and.i E%%Led bg’ alzéoupl er and filter unit 2037 which
i ncl udedMPBEPNEY Step 2t #t8Y582%5 as shown in Fig. 3A and forns part of
conbi ner 2036 (Fi Gigsl04) . 24B)@4Cqi4RI2BD aege&érilrz%a_ﬂm:hgr%o&zh iil%sﬁ@%@r{eed to
a plurality of smart power allocation and reporting circuits (SPEARS) 2224.
Each SPIPAEIZPS mechanisn nige dulb@riredysshdbnaiopplity premspizegiogeraiomyin faoyolumtaRi vi ng
el ectri qalyePRURIgelBE & igqq}el defhgn%pp{%e%_at ed that power supply 2032 may be
y

physi cal'ly | ocat'ed externa of the hub 2010. Power supply 2032 may be
provided with a péuer 2§ aisl w ebldyke kdiggréraciillustrgtings uoh asmpldgirteer wrtcdataect i on

Power n nt. & control, unit 2038, (Fig. 10A referably i.ncludes SPEAR
cont 1 of EaPEERtotk etk Sinelthl ferFekudvickare tplilieq R FE KRyl HR5R

m croprocessor 21bis. 26Aeand y26BlGoe andlahndiagiamat illastrating Can teximpk6datawhi ch
typi cal I¥ i ncludes a nodem The power nagenent & contral subsystem 2038
i s pref SPARNIBIAPEYSAD (COnYEBITS o eAT aVithnthgs Praent JrvenHan c\‘.i‘tlFﬁ?‘Er s)

filters naneriCREARS rédaive @IEIrar and(BAvk chileltiag dver eRhmelatifie operation of
t he power supply 2032 Power nanagenent & control subsystem 2038 preferably

comuni cat es wi t hE'8aRadehbleck disgians tvsirginezopeveriagp congnyeriupitg alacing

enabl e QREKRAIPoweP Bt e ARAIMRLLIOioRdindhsthRurROpar al located to the
various LAN nodes_in various operational nodes of the system Reference is
now made to Fig 1PB; 28si cbloglksdiagrammplustratiag atpomek/daiazsgliten unit| fos seratatiog of a
hub, S},J%l'é%t?igaé)*b%@ef%ﬁ%tpeuéa% W InitdHns RAGEN. of Fig 108 Hub 2060 61 ~ -
2J ~ "a 2Za preferably conprises a gonventi onal, comrercially avail abl e,
LAN switch, such as LAI~1 switch 2084 (Fig 10B)) which functions as a data
conmuni cation sw / r ' f it 2087 which
includes filters éggﬁﬁﬁ?@ﬁ@%%ﬁ%ﬁ@%@%r suppl y
Interface 2086 (FRéferktAR) isThewfhhdecto B t1208HichSisCORNMRSIMRE biocia dplgednal i ty
of smart, power allocation and reporting circuits_ (SPEARS) 22 74 Each,K SPEAR
2274 i stugFtoaid @ lper! gEraiet eIk sP)stgisd angiogerativgin aerdaptewith AgpreleEed r i cal
pover t BRE&HimemR b the SpréveRt Bokaidnd Ashakbn RPUES SAIPRleYe %Oéévm@ar Dchhyeical l'y
| ocated externally of the hub 2060. Power supply 2082 hay be provided with
a power nftaprilANaormppsiigeitubtl) whickcis caupled. batdablipe ¢ brpmefetablyna stRiviwsed
manage . r i (Fi.g. .10B), ferably includes. SP

Cont r o Fayinf 50 ok oy SECANALE, ehihs SE0F {PMbten 5 95557512

m cr opr a¢aesigole @Bhhe 18, kAN yelephA8ik, alsd kmowmanian 4P itelaptmine d8j 4 cym@2@8420 whi ch
typically includges a nodem The power nanagenent & control subsystem 2088
is pref aﬁﬁe§ve52§'rative to control the operation of all of the filters and
SPEARS in power Scubnh% l1N1seplepetsoly? BBAventiond| LANS chilingORdvigY fblte paiReoat i on
of the g\gwer supply 2082. Power managenent & control unit 2088 preferably
comuni Batted CoRPen Wiah eablsdengetifs et meqriRoBoket( Fn te embpgliment of Bigr 1o
enabl € pngaleQles 8B hakinfIth RILLOBIWE (O D RONRI BpbACAHads Liploba
vari ous LAN nodes i n various operationa ?ro es of the System RePer ence is
now made to Fig. 13A, which is a sinplified block diagramillustratior5 of
a hub and a power supply and managenef®t subsystem useful in the enbodi nent
of Fig. 11 A Hub 2100 (Fig 11 A) preferably conprises a conventional,
comercially available, LAN switch 2134 which functions as a data

comuni cation switch/repeater and is coupled to conbiner 2136 form ng part
of power supply subsystem 21 30. Conbi ner 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
al l ocation and reporting circuits (SPEARs) 2324. Each SPEAR 2324 is

e PN A NN o o o o




- 2,J 1.1 ~~~ 2Q03 SPEAR controllers 2360 which are preferabl ymc?nant ﬁbj
via a bus 2362 to a mcroprocessor 2364, a nenory 2366 and communi cat’ SA3
circuitry 2368, which typically includes a nodem The power managenent &
control unit 2133 is preferably operative to control the operation of all

of the celSiidd bdiBdaaad RREARSydWErGONBIR! of2i3fRtRSE Y bicaAs & GRAt IOl
the operation of the power supply 2132 Power nmnagenent & control subsystem
2133 pr ePdfsaist gmploperiier crapeRitige bR thraRifagsribstricabpves pENE GACHuRronmeEng 17 A)

in order, 4, gnabl %9@3&% Qhe mmtpaplca@i@gdmﬂh%mh NG @fh bdieisRRMELing bogat ed

to the various LAN nodes in various operatio nodes of the system

Ref er enc#arsandearrisadeititep dfte goriB®er-whi ch is a sinplified bl ock di agram

illustration of a I ful in
the-embodi ment of i sc it i Shieh R AR thet® Sr A TR CHIEKER S
convent i peaided e pawer gipalyl spbspstinl Hbwhich lisidpesanive ¢h pR2ti@4 anfers sofmaropeiatng as a
data co [ cation switchlirepeater. and is coupled Q. r supply.interface
286 1orh RS BRITUST Boliar CasnhyP s s ey S8aBtebSEME byl T o b ace
2186 i nctongesnicatibh kitding ¢nniecfddife dti whvatriowl Lk s08dsl t ers 372 as shown in
Fig. 4B. The filter unit 2187 is connected to |uraglity of smart power

al  ocation and regﬁlﬂﬂ“l W{jStE‘"’it?dc?Nt{og’"(%ﬁ’@fikﬁ 1@35%9“%39 ‘ éﬁi&??dz‘g“?h?ﬂ q?es
connect egibt 10 &QWU@UE@bWeﬁiupgﬁ' 3@Fitgeh subBliesfoperatifg powdrn@id @k 85dkip palvepoVer
therefrom It is appreci_athed t hat, power supﬂé% 2182 may be physically

| ocat ed '@XERIHAATY nodesvHenp SABPURERDION FARlTE- hBnERUTHAIRALIOn SR} PE SRTIEEET Pover
supply 18R swavh beviaraQbhbald: ¥ tdthavRe L ANehdd4E ernlacbief @fiples b)ctrghich as a
battery connecti on. Power managenent & control unit 2183 (Fig. |1B),

pr ef er abioyver FeruHe PoSPEARRPEL AE Blong dies commeniciiios Habling torafleasaprme ebilitect ed
via a bysa3fRed Opidirbiohap SRun2Ghs AodBIRKY si@RH232 m%; tion
circuitry 2384,6st V\hllag%&ﬁ;}%l ?:Eg Iecé ir%ll%udesS a m)demsTﬁgl %O\r}gﬁscma a e(rErfgent &
cont r ol cgmibinepi@Iubstanpinldyl withdyit yntesfeeanaei ve to control the operation of all
of the filters ang .SP | N ROWELn | Vo to
control the oper aﬂi ,gﬁégﬁﬁ% htge povve{r;m%h!u%gIci/‘éb]ﬂ’,!ggl.r E?’%\ﬁg% %grrgr%gagwrrgnbesgéogont r ol
unit 2188mpntef ¢2,afatsimde muchine d6 esd wotnpura G genientbothoddta atdbadkap 2b9&r,( Fi g.

11 B) in.,order to enabl e erator .contral and nonitorj e _power

ai | obat SR s PRt RRETRL e b YD o BB L she talicEieBRE
system IRshsiceboth dag andwpematey paweragd the bdAmunibdfion sablisd frameths hatplka theed

bl ock di agra of. two, different .nqde figurations useful in the .

enbodi r’ré?ﬁ:ggr g? CHTIGY .O"I?fo‘iﬂ,ta’ 188, ty%‘ﬁﬁg’ %’X&E?Eg’ﬁmﬂ“acr‘?ami‘fteg FORTFYEI Pry seen
i]p \I/:\/ing %écqrmewdss peéféreeidiambwdmmfﬂhipr@fﬁmgabgy_ embodi ed in a node, parts
~ ich circuitry may alternatively enbodi ed in a separator, or
connector associ attéd? %”t"ﬁ”‘trﬁ%f‘t‘urﬁiﬁg‘@? eTﬁ‘éd‘??B‘Hé’,fF\Vﬁ‘léf‘é%rbo i datgyapd pawers or
exanpl e aa el AR mUvidted BPFPpain Fig. 10A, 2062 - 2070 in Fig 10B, 2112
- 2120 in Fig. 1 |Aor 2162 - 2I90 in Fig 11B, typically includes circuitry
which is requi redltfwmstawdfthﬁtFacﬁlwﬁ&teileﬁgnoda; 1Z3nd0 Mol deer Yos REVEDANEI i t y
operati gp i k Qoo dt GUEN ¥ ardds eS| farence
nuner al 24‘5)&(5“,?ﬁ arll ﬁéﬁ%&?gﬁi&ﬁ# gﬁe@s&not& rSéelpqalrJa?@géﬂ f%%cgﬁéaté%gggy?éﬁcﬁéonal ity
oper at i data. hethe itletnated embodimess ehfigall Acitirecseptnatots anadypiediygimagraal toythe
referen ral, 2402. For _ex I df . 1h ode conpr,i an 1P.t el ephone,
e eoo LoipRE iBusstirire S3b oA, deibirday B PO GPTRERE S Aol °F o
speak addcieesepasters midychetealpyyadine, while the non-essential circuitry 2402

provi des ancillary functions, suc aytomat i, c. redi al... t.el.ephgne directory
and speaker phone gﬁﬁ&?‘ieoﬁa??‘? Wa%ernga%g'r 3%1 {”TV?" ho o d‘ﬁfﬂglﬂoah%baﬁrq"%

typi cal ijuspaion dri]ffa tdeal medl@eiviork mg&is&a&tedi ahy opaﬁg‘reemcaﬁcamh eabvit(Bj%_thleet her ]
circuitry, ich may or_may not be incorporated within the node w now be
descri beéfe"mﬁ’gﬁmkegfi%bﬁﬁ W PIRSE I GRIP A S e Kl yhese ¢ r(fr-*iﬂj?f ?A?caﬁ)r 560
(Fi 9. 7BeamRERINGEARY RBIpHSAL aPRBEI0 WhRhCOBURES Ayl Qdblifad1l Neethpip 2
separator, such as separator 508 shown in Fig. 7A or froma connector, such
as conn&8gigredeRlingsiren. 0 Fpiyrainef LA npdpsesuch appiieskippgempuisp P2 esweb

el ectrical power separately to the essential circuitry 2400 and via a
switch 2410 to the non-essential cirguitry 2402. Switch 2410 may al so
receive and control the transfer of electrical power froma power supply
2412 which is connected to nains power. Switch 2410 receives a control
input froma controller 2414 which is typically a conventi onal

m crocontrol l er providing a binary output. Controller 2414 receives a
control input froma sensor 2416 Preferably controller 2414 al so receives a
control input from power supply 2412. Sensor 2416 may be inplenented in a
nunber of possible ways. It may, for



exanpl e, sense the voltage |evel of the electrical power being supplied to
power supply 2406. Additionally or alternatively, it may sense-a?cgmn rgﬂba
signal transmtted thereto, such as a signal transmtted via the

comuni cation cabling fromthe power managenent & control unit 2038 via the
conbi ner c2086G QLFiagfad@A)ne@niacﬁ'rneméshrﬁ.bli\énelqjhbccuiaﬂgoykxiomtabanéhbeldjﬁrmat68oh Fig.
11A A ternati )’ L,Sense a control signal transmtted thereto, such
as a si gnafnpflransél({? i’ the comunication cabli ng fromthe power

managenent & contr @abhlrlﬂ_i, t612@8§refelrz€bl)t hen@htional LAN dabling haPOyeous YREd Yof
interface 2086 10B) or fromsimlar circuitry in the enbodi nent of Fig

11B The é\@ﬁgesrcogaare‘ww%éé?sﬁéw NP 2 ForERAneiReisern de etod e opbigerl Band

data out putcsntefst I6RAL aHARRNBt (EIGibéNabe GAANREIL! 0P (IfA Gnd 4B)wilihge | NPUL
that it receives fromthe data output of separatior 508 ‘or connector 558 may

be tappedescribed Asreinhglaw. @tole@smenégfé@mp@las ofivrigted eopperpireshis eapldyad pulgefor
control ghgng tmge&&%élg Ach! A& bMﬁe MforiPhi & JQaQ Xnmhpggﬂﬂét\%‘é jrom

an output of th essent C|rCU|try |ch provi des a decod contro
si gnal Thepplen mates mmahplbyedocbnl ¥ dort ragisimgrin@ ddtd. Tigpjcably twolsuer paire ciraasmployédws :

i cat K IR 85t oV ath a8 o e BB obE Toh R34 EEkisah L nay

power |spauamlar@,cbablohb@écknneaﬁlgrathualtoeachcnudéry 2400 and non- essentl al
circuitry 2402. When nmai hs power is noc{a avaj.l abl e, via power sup 2412,
but sensor 2416 in %‘&P"é’é““teh‘é’t‘t‘h &UFSTRE G AMboiReRt ‘i’fsthﬁvéqsﬁﬁbl“@“w&ﬂl%’s

conmuni CaloliaBe aGRMet BhplE QAIbsyrh 80 vAfidklis %B@rﬁﬁ{ffeet% O&wla&m &4 Ebé@@&rsthfgt

power is supplled to bot'h essential circuitry 2400 and non-essenti al
ci rcuit r§ badkapvpawer teoseleest, samd o SB‘d\AElealth @6tnod%6awlaameehuh &0pandethesuppl y

2412 and.efoAtaiod aidih CaphshiMe RUTS VAL ARPYRE, | S not avai | abl e,

controll er operates sw uch that a equate power is supplied with
hi ghest priority tlo thbdlusgstedtembbdigiencof Figy 1B40®systdm &dds toicamdilwiqhmﬂre

e S SR P it SO0 A o B ™

be suppli Circui
Al t er nattowatiyys ILA&E nopey Ak tmrtomfmtmvmahcrhcaibﬁﬁg The dohenutiRatisinddbling déinéctsay not

D e R oo il g sBoR S al £k S ot SELsShC) o
t he avaiih@bhee ®OWBIributes electrical power from the power supply 82, along twisted pairs of the
communication cabling 61 which are not used for carrying data, to at least some of the LAN
nodes. Bidirectional data communications from LAN switch 84 pass through the power
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 is appreciated that each of the LAN nodes 62 - 70 which receives power over

the communication cabling 61 includes a connector for connecting the twisted pairs carrying

42



Ref erence is now made to Fig 14B. The circuitry seen in Fig. 14B incl udes
circuitry which is preferably enbodied in a node, pans of which«c}rgii ©ps3
may alternatively be enbodied in a separator or connector associated with
t hat node. A power supply 243b, such as power supply 510 (Fig. 7A) or 560

(Fig 7B) eleaft @swet RCL ﬁd&%w@@é&@ﬁly\éln& s@@mpb&ﬁ%a% 16@B4i58@ phifsOdBrFing
separator) such as seﬁarat A or_froma connector, such

5
as connectdp 1GEgata el?i’frjgf ?Wﬁefﬁé”ﬁ‘ﬁg\ﬁwlb%q}iﬁ‘ﬁ‘l“ffﬂ%éBs HISAOPRESIQSt &€t r i cal

power Vi atygiceNY tielrndA38 the redpectikr fatet rand 2&‘140nd?f seb!ﬂ@teﬂpd@srlgrﬁ\!!dt Gh k3thg8 may
al so receive electrical power froma power sup % 2442 which is connected
B

to mains PoVRSRtedfptalipmatvety qiseress %E‘C%iorééﬁ’b’rbélemp 88 froma controller 2444
which is typically 1gsGppéaRed aRak; gnlcxrmaqrﬁ mqma%s t%%bgamn@ dPlaNdt¥moOut put
Control | er 2444 receives a contro? 03 input froma
sensor 24pfevigggwelpgtrig spoaves ot Higpl M&htmfi%manbmubomdngorempexe@ttqny0@4143
Mot Or T Ngbofdhifke o2 48011 A0 nbes CARSEIRIhEBEARRE D By BEMGHro AURR! Y
2436 or power supply 2442, senses ~ need of the N node iyo shi f
ful | - f uncal¢cirapdwy 19 ploral Siderpdevide afiubend mmmsatlon tcahhazg coRiTeSBNg thpémheed
for exanhheuii If&45hylge Aultheld hHRK! 2ANEHEaEL00 08 JHThARHIOR ) b the
node or by receiving a cont nessage vi a the~“conmuni cations cabl i ng
Control | ewtm&mmgaa pover sumilyepesatiye g pr@lwdr- Risctricdlmomepoviecal sieppkyvRid42.
Sensor 2446 MRY. D&, E %zﬁ%ﬁ@{b‘?q in a nunber of possible ways. It may, for
exanpl e, sense t &l of the electrical power being supplied to
power supply 2446. InAdtél ﬂllusm&ldlqnb@dinMnt ef it iz\AeIayqoni;ennm mems)@ doesomnt r ol
signal transmtt tted v
communi cATBI Lt Fofter e HnRlr B g Bine At SREaraoRer AR B8 a ¢ ne
conbi ner 13036 1$datagl. ea&&vﬁ)u)obf hﬁwmelmlxmlumsra:tpbwry su;mlyt hE2 esticd supihies of
Fig. 11A Alternatlveg)/ %160 élsense aﬁﬁm’{ﬁ transmttaﬁthereto
such as RPEPUMRPOYF AALRT Pk DIVEr (oY) B CFBH’ éﬁ?TWQmF‘Wﬂ%? ing, ower
gg)nagerr]gnm&rlceowml dnid¢afibh cNHBG cdmrﬁ?‘f{s h&nf@\gﬁfitclsUﬁp?ﬁlcdnﬂérﬁfoﬁﬂ%bﬁﬂ%m(d:l g. |
or fro ar circuitry in the_e i ment of Fi 11B. The
funct i on&PR g?e"]f%cfa RPYET fu8ply 2%&&8%;}3%”0@%% the qombinergp BRarioRn LAR:

absence @bd@nTh&db@BihkOmd protiles Gednticapywes 8omithe pawel LPbiyn B hlogyithe Y 2448
or fromsensor. 2446, the controller operates swtch 2438 so that ({ﬁrcwtry

2440 doeSOMBENiHMANar@blingndR & deAst atAme iHpiite il eBefsePidimedionalt (B t he
noni t or i BEgmfuhiektidnk ¥rodBANGNIER P18 SRR 8Rsughdibcombittr 85| fBstantAARE Svifhoht
operation of circuitry 2440, the control l'er 2444 operates swtch 2438 to
cause opé}‘ﬁf"i’?ﬂ‘?eof circuitry 2444 Reference is now made to Fig 15 The
circuitry seen in Elging h@:l@cgrm%;ycaoh%#nbﬁay L\f)&NCA&bnﬁg lﬂmgrfanl YaiRndedi ed
in a node, parts of Wmch circuitry may alternatively be enbodied in a
separ at ofVisiéd 6ePREr airesrabled;ipgethen yader aTRmMes desketywfathe pabodimeniefi Kige2Af or
exanpl e i B, 2112
b0 Igsn?gilgtfe &Qﬁiﬁéd ag'%\%gelovgoa%%ag%ngogfhe$% ofé&@?ed QO@;Q%%&IQ lg]{ rﬁploﬁe@
circuit rﬁorwmltm@ bagly dite @od legfrtrltﬁbth\EUIOI noti@mcftthonawwly Tapigail e tive eerch
function t t nat ed
by 1 ef or Bhete SRELA SRRt EoTats R SRR oG il il 1RO CHERIETE 0
f unct i ongiei goyeopeppht subrsystbreri@0 ttceezrnbdwodﬂomlbsmersmamancwmem datasbnlgradd a

desi gnat ef er.ence nuneral 2502 For i f the node conprises an
P tel epﬁ%ﬁg%a{rﬁsemge'gtglé]ﬁw SP(a:wleragél mes %Bﬁ I ncnlou &€t hat circuit ry enabling

a user to speak arnd ihesaen ehaertht herrmeﬂnepdmne)blu@l @ tffeen nba-pesee ndupplly
circuitr provi des ancill ar ungt i suc tomatic redial

Cel ephontbarent b it EBEaR SPpse | FhrBer i PRty iad TS o Coppplef 120 L

Thg ci rcgurft;ésybo?}s@ﬂf a adthadixlp mwleld\ﬁgdrotﬁlb gﬂte&owrmnfbahd,ryca@aﬁg frofn thbpoxnadsapp@ ]
i ndi cate reference n ra er circuitry not be
i ncor por sa‘fbe%’ 1t I‘\}é" éa”(}\‘i”f I“ﬁo%gb[e”‘ﬁe@@?‘?%‘édf 12 Eﬁﬂ?\%‘r bg%p&tﬁl "é‘\éo

such as pgut@ingSioet dndSthd QofmuBicatdh (@blingbforh ItheShub /B th QRELN RS iebegtddscal
power via communication cabling froma separator, such as separator S08
shown in Fig. 7A or connector SS8 shown in Fig 7B The power supply 2S06
supplies electrical power separately ¥ia a swtch 2S08 to the essenti al
circuitry ?S00 and via a switch 2S 10 to the non-essential circuitry 2S0?
Swi tches 2S08 and 2S 10 may al so receive and control the transfer of

el ectrical power froma power supply 2S 12 which is connected to nuains
power. Sw tches 2508 and 2510 each receive a control input froma
controller 2S 14 which is typically a conventional mcrocontroller
providing a binary output. Controller 2S 14 receives a control input froma

sensor 2S 16 Preferably controller 2S 14 al so receives a control input from
power supply 2S 12. Sensor 2516 may be inplenmented in a nunber of possible



exanpl e, sense the voltage level of the electrical power being Sﬂgpl,!.ijﬁ‘d?ggg
power supply 2S06. Additionally or alternatively, it may sense a contro
signal transmtted thereto, such as a signal transmtted via the

comuni cation cabling fromthe power managenent & control unit 2038 via the
conbi ne?l@Hs apEMgy. biopgedotot PRSIHEHSH SBREYEIR ¢&.tiny tyricalid- ANBFangAsInt of

Fi 0. Udnsfldar nali fldivel b BBUEENS itk GOBlokAted® L BBBlinlhAF ML L fdscher et o,
such as 35t5| gnal af%s%v%tledg%?bg tﬂi éom‘ru %catﬁdoﬁg]cg%f]{eng from é}ﬁsee power
rranagertemntl&ncontrol unit 2088 via the power supply interface 2086 (Fig.
10B) or fromsimlar circyi ”Efﬁi of sensor
2S 16 may recei ve{ 'isﬁt?ﬁf%cu ger?‘nyur?%té? erg‘rgn%&eﬂt & ‘%\gllﬂgg?tté dﬁgltagg@ufvputs of
separ atap¢ cA@l ofrthg.sanf&Ywisted ecopprepiior S S8 (Fi g. 7B) The |nput that it
receives fromthe data out f .separat.or 808 0 ctar, 5 may be
tapped from an |ﬁb ﬁ&sqﬁg}jé@g@dw Ioﬁlgctr“‘*t?af tE‘hE]ﬁg ﬁ&e @%ntrol
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?S06 or. 12, AN, node, ft460
full -ft}”n‘g’?’:gg‘fﬁﬁf’%)gé’ efésr%?s Iggzﬁﬂgﬁ?g@heggﬁﬁrggﬁéc?%r I't ér%ny s%e?tsszmt hllg need,
for exdiwph sichtpgparatoehasi ngpramwy eation wphlingi inpltcad iseparata datatagd powrr cwpwse t he

node or, Vil ont r.al i h 3
Comunie B epREERPR Br3RR o (PP RRRP Y -G vt Fisrmdiv B P, 18
sumar iimeslalasgpiratoromil tHftepme e alt @nthealodes 1 12154 nzcr reeby poviied arithr e)ttemzn put
from power supply 2512 indicating that mains power is available, it
oper at P3P Tches 2508 and 2510 such that power is supplied to both

essential circui ttrtya;?p‘i&Qatadl@hatlﬁfhda&mrthteé LANT fddet U¥scABEZhBRBLARI the power
is not avail able via power sup 2512, but sensor 2516 |nd| cates that

suf fi cPESSENt BRYABEOR i tevial w&bmey wt@r sigblegipdensuchtasofes examplenyireleseAN | er
2514 o Wi n I S bot h
essent ?g{e?%:??gﬁsl t"t"% ﬁgﬁﬁ %ﬁég‘sggﬁ? I?tgl Hck?égcw t r@eakéézé@Weﬁgnéhrgsv\ever
mai ns pbmmensgrmdooraamlsamoes, \aceesp ool woish lapters eomputerss aetwork 2lgments

i ndi ca p i i S

i t on IR0t SR Prsf b DR0EFs, SRR UE APRE BRRP W Puchr BCE AT
t he esseritstaeibngi r cui try 2500 | f additional power beyond that required by

essential circui 2 also avai | d to the

non- essent i al i”céﬁ’t‘ﬁ "2 26'91?03 @tho(fﬂ'b 548, aﬂP?%ﬁ“H%‘tai?\L;’g'By, t 4R 95r at i on
of swi pﬁhxdzil&ntw bé\@er@&t ﬂt@'cbﬁifnuﬂﬁiﬁorﬁ@%lxﬂ%tlSDQn&iQtp@W agplysalbeysrendr at

al | by t he Povxer avai |l abl e, but rather sole control signals sensed by

sensor 185 1% located) ¢xjerpallypal fnty 159 Maesteﬁeﬁeﬁtmqu supRly 487 iWHieh supRbREr . I n
the abggngatePovdt? ahdgH mtupﬁo&& tb %&gmmr%dtt qmtt@eornmhtcetdm&bﬁhg cuitry
2540 or from sensor 2516 e controller operates switch so t hat

ci rcui 1§} The@omuswication cabieg zpaneciafrehAN ssutct1alt$|4e0ﬂ mu@nuosalr letbeiiﬂaw &i t her

f t t d
For - opbe et app Biihigtacs 1 atish SPRE s RO 3G, P Blc® ST DT
t o causeerfaperl 86 itonheobarius dALAN rmpded e | powae copdpinterfidet dis@ibptesfadeates]

enbodi nent of the ese t|on t he power 2406 in th

enbodi FEHET (m Eppbien sogihe | b aens Ry eion AP RS hBoliRirsmedt s . 148
and t heAROH&Ies S BRINeYtichel Bata Ncdntturfdibiond mom LAN Fivgkch U34NEpass RBrotghahd uct ed
to include rechargeabl e energy storage elenments In such an arrangenent,
these PRARESURALL HItgrEse b3 oubstantinlly WEBOUS BTGP Bower for use in the case of a
power failure or | | e

ot er m tent operan st FeisBl SrehfEn L AR Caolipf Yol TRY Bl BalOP ®, e
power ftvwisteheoppeanged ¢abled togather tundercorammeérc ackesnlncthbleinhgdinRef of Bigc@Bi s now
nmade tQ 6 ich is n i I d.ustpa

managelmeg agt %’ pﬁ’ ananﬁamgég%rs'%[bl%%na%gg%%&wegé%} B IL? Ekdéﬁs(pg? R}?ng net wor ks
of Fi gdtescdilﬁé\ hehﬂheloiu IaAlea:ndm&bBtMa&eeﬁtwmteElcgp;ifﬁ,wntehes papleyedranigdenent &
control unit 2038 (Fig. 10A), 2088 (Fig 10B), 2133 (Fig 1 1 A or 2138
(Fig. | 1B) governs the supply of poyer 68 - ?. ,Jt~w, 2003 to at | east
some LAl ~i nodes via the communicatidns cabl i ng, preferably in accordance
with a predeterm ned functionality which is described hereinbel ow with
reference to Fig 17 The power managenent & control unit 2038 (Fig 10A),
2088 (Fig 10B), 2133 (Fig 11A) or 2138 (Fig 11B) nonitors and nmanages the
power consunption of those LAN nodes It senses overcurrent situations and
ef fects power cutoffs as appropriate The power nanagenent & control wunit
2038 (Fig 10 A), 2088 (Fig 1 OB), 2133 (Fig. 11 A) or 2138 (Fig 11B) may
oper ate |n e|ther ~an |nvoI unt ary power managerrent rmde or a voI unt ary power

o o o . o - o,



I n anot her enbodi nent of a voluntary power managenent node of operﬁthan

. . « WAV 80[]3
t he managenent determ nes a |l evel of avail able power at a given ting  an
the functionality of the present invention treats the nanagenent - nandat ed
power |evel as the available power. The operation of the present invention
may be sitinsmaiftingoeledingal powei wvotemelaihy npoveck andaatdgetrent of thowmeveef twitied
threshol dspand,ifesp By ol f B ﬁ%%& idafiy N9 i1<OucE 1%
which ill u%g}r atle_esl agrgélg? %rreéqr{ettﬁéﬁgﬁp y t? gfﬁéﬁglﬁpgwgpaﬂﬁaé%tarr?ggpo %dmer to
at | east f@omensofittingelataAbhip cold gwionsuak qaird anc employéd hly for esppiying relestricalon
Fol l owi ng _initjalization of hub.2010 (Fig . 10A), 2060 (Fig 10B) or power
suppl y agﬁwﬁlaaﬁg‘%é#ﬁﬁﬁ’“%ﬁ "s“f?cst{"é%hé‘gffoﬁ hiRAE 1 1A, 2180 (Fig. 11°B) the
conmmuni cat i ons cabltiingeea alud @le:t dodmnunicanon @shiing A SWMitoahthie thub $ 50 6 adesttdpo
transmt power er, the conmunications cabljng, is. interrogated 69 - ~ ~I
“t"v ZooSoTRTES gﬁ'-’j’ PRETTNG %%chwadggef PP ) C,mzeeé’eth(fﬁfag%ﬂq PoRower,
subsyst eghdé 82 dohrintinlchtih cabfitg Gomhthe hdb 15Bb th Riveamlay1 4Gl Ud@Stelephone

automatically .actuated test procedures which ensure proper operation of the
el enent s 1o carries brib dotg and @perpting, povrs)and SpsepmimyicatiopRyblge & sReshubrd S| 30

(Fi o. 1083805 TEPamidaims SR Bty i Mgk RoTPESIROR st 186, 182 200
to det erWPi’r‘;e”ﬂebANethm@mﬁti ovratrugied candt epesatyk inhecdondsnoy veitth sy stefametior
each nod t Lol i rnal data base including desired

operati o%g pa?’gtﬁ';f#ﬂé&?pggggﬁﬁ\é%@hﬁnode. During normal operation of the
system the vari ous isopgaradul ofediurp af streedretrodiniant of Biph2Bahke damyand@omedarki ed by
an oper at or. %rgzl oyi ng the mana%emanft V\ﬁ)rk station 2040 &Fi g 10A), 2090

(Fi g 10t iechhsspireiedwisied 40003 Dags gsagh compymicanon hlingMegat i on' | s

descri bed herei nbahau¢ ilksgitehbmbodigbad bf Mkl 1B QR LERRELAN fddes 1618A7and
18B. If the node being.interrogated is determ ned to have power-over-LAN

type _chaY"_%‘Eff‘ EFPYET RV AHPTYIdR] Wk a1 pEgrBIronprstarfPeseprRtelAraviBRg 82@4nd node
to whi Cheddiridad poWe RARH tHe OcodrIdddatibn RAMETy, AYE Texdehifal Cc?ﬁﬁc\!@r%gdcﬁ% ﬁgﬁ’l I'ng,

the SPEAR paraneters are set based on the contents o e internal data
base andegrsgieye nagdes d6hs iV aredlesignatérd by oespedtive refbrenerommbers 423 oh®9. dabh i ng.
Were a ' j - Ski g t.e node
and the Sroruect (i (PRGN AR IR RAP RS aar B bt bR
manage neappreadtdd thatséms oR2@UMf thh@ofler &6 NGO pnac eltemaively bd@rovideg ewitled

i-al h Line of th 2110 b 2130) .t Q which i
ot ererl etbe R YRS oAl iR N iadh: EAURRR ThieRR ek nce <

now madeohmectkorgs 18A and 18B, which together are a flowchart illustrating a
preferred enbodi nent of the interrogation and initial power suppl
functionality which® éb@fé%{?@d that wiagi.dgw. to aTs’éHrPOidFF &?S&gbeféﬁf%zm%ssg ﬂ_‘e

i ni tial lptesehtEinvatba @fusefhl m%g%dueaeqiialaﬁ RdEPch A5, hh ExaniPRARIikRds LBND 3A)
274 (Fig 3B), 324 (Fig 4A) or 374 (Fig 4B) corresponding to a line to which
it is ifCestPNtD emergeae tighingetysisire elemsatscpagingn laudspeakess, CGBT Y regmeras. t he
absol ut g;yal 485 | [ j n r ' r gﬁmabl e
threshol%ld;i V1)t ’edBF'ie?ln\é&i stseg% élggcieggl %gﬁ%lsgﬂgsi/}aﬂtgo%a \f}@f;feg%“g&g%éggﬁg{ “t her eon
f rom an sasit @s naibs,s ewitahes land stogtersa @@ @wk Mménsorp obackwp pinite dot Risearm over

t he com{ﬁor}](&?wngns cabling If the absolute value of the voltage is not

hi gher than e predeterm ned progranmabl e threshold V1, the SPEAR current
limt 10is set tBefargpeeiieicy madeth PigogAawhibliea sahpldict lblockREddRamvéftach 408
(Fig 5),is turned ON. 70_. .- 2 ~;,!hl 2003.The volta~e and.,the current at
e out B SR o SRR & s satiogimert g Fisa lry 180 ThpelTehie demanie doc

pr oganebh@ntibs#ES chmmedcdalBNAvARbitl MEANT switk? 8@ dwhZzhatfenctiyRd CAl lay data
determ ned by a tine constant determ ned by the inductance of typical i~'1C
t r ansf ocABMENIEAGOR Kwitphisepeaten asluifdceypledOE® reembiearide oimbineradé rymirallyl owed

| ength QbnGRIUTYSak WPSGARL b 61 YPERich hec bl VAUPEKG LA BN dmarn0de.

Typically, T 1, T2 a are equal to 1, I mes the above tine
const antpowdyglocationaall uepertingreirdiiy (SPEARR2FEwhSPEARS 2L, is Sommerd amdowd nsec,
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respectively. Based on these neasurenents the status of the node ?nq, t}ﬁ
line to which it is connected are determned A typical set of 03
determnations is set forth hereinbel ow. NO LOAD WHEN Vout > V2 AND THE
ABSOLUTE VALUE OF 1O < 12, FOR ALL TI, T2, T3 SHORT CIRCU T WN Vout < V3

AND THEsW(E ry@shskilry %cthalbobv&; thefdRoA It isTapbreciated that pvler kiR W Mayout T3
LOAD N Vout T1>VS AND

< V4 ANQ%TE O@t?JTE VALUE. OF ET %E 2<1 OT3 P
Vout T2> Ao/ SXRNBIY 19 tAs EPORFURPEEY $OTM2Y| &S PRVIERE Wil UTE
VALUE Opow&ldrhre b%BH&xH@SQeHEEa%MEc%eEtQF3>| 5. where A NO LOAD

condition is one in which a node is not connected to the |ine A SHORT
Cl RCUI T condi t i onEpah eanler A2 \pasdiyoposthtne o Whighiit prefarait s canmeded toppratt | ve

and negg¢i XR& &aRE4Gt ﬂa%heoctmérfa@wlhtms Hm&tt@yﬁ nqtcttm z{taﬁ@stgc 1Bn CRRingode A

NICLOADcondltlonls one 1 n which I nterface |ne
t r ansf otoreekANsnogdennect ed across the I|ne at the node A POL LOAD condition

I's one ~n which a~Po se I conne ross t | ne at
the node. VOis t%g F§\I/l\ig; age at eratﬁgt%t?atw St?hcou}g Cmﬁ% QW%tug té]ebutor
f or thecdmmenicafidn |csblmgplsmdahaatlty neichopt ogjeﬁm@blveth/ahmetawmednmumcmm ved at

by meas| rin the hi ghest peak value of voltage Vout for a period of a few
m nut es BN Bower s not
Filters 222 are preferably operative to avoid unwanted interport and interpair

coupling, commonly known as "crosstalk" and to block noise from the power supply 32 from
reaching the communication cabling. Alternatively filters 222 need not be provided.

A central management and control subsystem 226, typically embodied in a
microcontroller, preferably controls the operation of the power supply 32, the LAN switch 34,
the couplers 220, the filters 222 and the SPEARs 224,

Reference is now made to Fig 3B, which is a simplified block diagram of a
hub, such as hub 60, useful in the embodiment of Fig. 1B. Hub 60 preferably comprises a
conventional, commercially available, LAN switch 84 which functions as a data
communication switch/repeater and is coupled to power supply 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
failure 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
inasmuch 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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transmtted along the Line; V2 is a predeterm ned progranmmabl e val ue which
is arrived at by neasuring the 71 - 2 ~Ui~J 2003 | ownest value-of iy 200
vol tage Vout for a period of a few minutes when power is not transmtted® 3
along the line and when no |oad is connected between +Vout and -Vout at the
out put qf | ower. supply distributor for the fine, V3 is a predeterm ned
progranﬁggggugﬁl?dé&/\%ech is arrived at by neasuring the highest peak val ue
of voltage Vout fBefeeenpeisimoov mbdatoffegy4mi, mdti@siswhsanplfedelock sliappdm tof dms i t t ed
al ong t | i and when, a resi st e is connected between.+Vout .and -V out
2t the o0 ptl Bsobal BERCal TR IYS kB ROV EF FRpa Rt g 2haiE o0

pr edet eprefdiglsly péoagirasivab lcenveatiosal Wobtherdciallpr efflabie) YA rswieH 834 Byhich

measur i g%ﬁt,he hi ghest peak, val ue of voltage,K Vout Ior a period_of a.few

mi nut es HIREPRSFSieRatd SORBINICRUNS YT EEPeaien #hd thePUPieA o sAMPRRE A& B St ance
i s connpgt et RelepegppyValskysafl r3VoWondinet NBOWpRELY Rbmpaid PPMalGUBP! Y

di stributor for ther)l ne; X/.S is a predeterm ned programmabl e val ue) which
repr esefeuplass 830iaseh of Mhishhis| apnuestadevinp fies 322 ik emarh Pensereallosation ansdbpl y

comrenc r.akl:0PgprGitabl, 1 ARTBASMI, i i = VOAN T2 i's
Vout nea 8‘?@ cg%ﬁxg(kggggﬂgﬁ# i Fr%:h : Vout'l'1 Clsgne@/%gﬁo b\gezt&?%ﬂéﬂg%{? l? 'h?Aril)d time
T3; | O fos re¢edvingieteeticall powmemnierefromhdt suappotciaséd thae ppweresupplyppddy mdysher i but or

for the_ljney kS the,pr term ned,pr e put of
R A R E L N R T R R
progr anprabided with agowler fatlutesbaakup fueitityasuchys mbarsery cogettioa. maxi mum peak val ue

of the current 1Q for a periqd of a few m nutes. wh ower is not
transmtted al on&a}cﬁéoﬂ'ﬁ]‘ﬁeﬂg?{@s W‘éﬁorﬁo‘_’qeo%fnd’vlﬁ?@_‘ 5(%%%5@@80%&“@%0 ddCBut  of
the power LasPRVYchd i $4 hP YO bitHeP lof tWich isNBrefdrably ToRndRic8delaeédthmesication
programuabl e val ue which is arrived at by nmeasuring the m ni num val ue of

t he cur?a@HBg,ItQ)aMlN@P%eri od of a few m nutes when power is not transmtted

along the line ang,When 339 ra%éhpg%ﬁ/m@i b erEW?&tc‘}Bg}?lpﬁ%e A 2\4% @Nthe- Vout

at the output of sa power s stributor fo IS is a

pr edet esommeication geadlingbiubstentially witheh interfaring vwith athe bgatarecosuminigatione

maxi muny peak val ue of the current 10 for a period of a few m nutes when
power is not Transmitted along the line and when no load is connected at
the out put of th&ilpond22 sweppkigratiyseperative oo afaid univentkd imegrpor©ind intsrpp®
nmeasur ed tinme T | | OT2,1s e red at. tinme T2, and 7 -nZ ~ ~ I~
2003 1 PPl PEFmenly krau At "GP e ot iee O peBE e B 3
19D, 20#achind(hk catdunicatibR.calldfy. - 22D, 23A - 23D and 24A - 24D, which
illustrate various functionalities for nonjtoring and nmgnagi hg,. power
consunption in actEFHEhERNFINENg 2B SPHTY éab%’ﬁ‘lﬁﬁ‘d??ﬁaﬁi’f” Yt%b‘iﬁ%ggh?

i nvent i pRrd¥BatolRY, fbfraBly doRfols YRCSAeRRiBh iof RSP RS Glidphe thhedeedsupRkPY2E M Oy a
basi ¢ nonitoring and nanggldggﬁ%echm gue which ~s now described. In
accor dahe Bltgp B2 andyhe SBEARY 3&hbodi nent of the present invention, the

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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functionality for nonitoring and managi ng power consunption durin @ﬁ‘ %Q
operation includes sensing current on all lines This is preferab'lz ar ri %
out in a generally cyclic manner. The sensed current is conpared with
programuabl y predeterm ned reference values for each line. Alternatively or
addi tional |y, vol fFatpes FaY atreprsfermbbdopanetiventpl ayypeidufvamtddhingerpart pod énterfir t he
basi s of i i son. eagch node is.classified as, being over-cyrrent,
nder - cusbEli SRMALLIROwe R RERE A3 (S bREF hotsf froBEied BRO R PRy B o

pr ogr ammeidhingabl ushratmieatidnroaslivgl ds, such as hi gh over-current, and regul ar
over-current. The ,normal classification have sub-cl assificatiqns, such
as active node, sfe&p" (T@,na%wnfﬂé68%$H%BW§FC“TH23SV?{°§§¥ i %865 dtivve to
control rhid@congiliat, ipedfer@blyrRaRsls BleaspetatioRdf &% JodleR uPHE! 3 WitkRAM72i Ad e

foll ow n Eg&gner. If the current at a node exceeds a regular over current

t hr eshol 34¢ 1 east a predeterm ned tine, power to that node is cut off
after the predetepmsnedntthiin (2 SHYoBUER! of FHY. AN lc:loi{ﬁ%% 1,28 o e 1S
not permtted to exceed the high over-current threshold. I'n accordance with
a pr ef efdpasauehiropiwasrand slatat dre trpnsasitied ovan\separate iwisvedlr painas Ther tige reattied tog

t hr eshol efl the r . ovetr-current thresho and

t he hi gﬁg;ﬁ)@g@ ¥Scﬁfgrﬂgen{)6‘?%r 5@@%}@@&2%‘:5 l? ﬁ%b%gagégl sgpﬁfeﬁfeéabé’tt& PPREECY Phe™t o
cut - of f powebep@y mterdgbeas a functi on of which of such internedi ate

threshol ds is excgeded. The stemis o ative to control  t peration of
nodes cl assifi edclgés Eﬁéifﬁ%ﬂﬁ%% P%‘ﬁ?’rsé‘m’lgsr? &FII’\% i IPBWFhﬂ‘angr(ﬂgvég}wi n a
rel ativebyeshpbly p32qEigedm)nad pdwe fupplyor8NgrigeuBs threvid® oudut Ussi@k -tgur r ent
node, V\g h red&t.erm ned tinme_ I s selected to avoid undesired response to
noi se, hﬁ_ﬁﬁg%‘% daryontlEQRS dth (g iB)i 424 Eigriviaraed 37 (Pigr 4B) exspecyivelrie
functi ogghj Efaig%? ebndiRthri) Oh€loPAARYEs dEé?%na@E_lf_iﬁﬁ[sgd h% e’ @RbudtbOdhd ﬁdﬁLJeF of the

nodes over a i nitoring nay take place in

1 of the lines is nonitored. T
a cent r Y (Dead thenether ofywhigh isdasighatest 35 amagaties tramlactonandaindisateddyyolatlhon of

i nf or magj; ivad, | iae- hy-.l.i ne Ltorin escri bed reji nabove
The sens%%gg{/gggl?égchdr ;} }égh[}% ?ds? E&(}ge a?lléléé]vﬁn?ﬁ g%éag’rv Sgr a:‘jr1 ?ut%fsy af)er eé]gigg?tsngned
r ef er enospegtivalpaChVintend bigi. Theliffehdnse therabatwesn ik, dasigaatedias Vén. power suppl y

Connoct ad 1 hor GRS BoBPHOPHE HLAE | BavReTl ABPRReb BB or ol

The oveillustrative rdf £ ks i fowentailodatioianb a¥sorfifi® SirafabPEARY 406 t @efuf in the

t hreshol ds, .. such high_over-current, and regu] ar_qver-current The system
< oper STKITGIES e ok TRAnOBEH d1A OB TrUTHAS BRORGER e PuRlefo he
managengimidagys bsylmeC! assi fied as being over-current in the foll ow ng
manner. |f the overal F current exceeds a regular overall over-current
threshol d for at SPEAd 480 mrefdwblyr pemprdses j ansurrgnsygensqro4Qd whiehs reegéied fodes

. Ct . . . ‘
e overSiapEAHECOVETEGH b fiier Sdeff add Gorlaf S SEI At | FropopRibto e
over - cueuresnt passing theodtittoligh. aic eatage impat winhreceiypadefremrtael pewboslippin82 @Figt he

ta i N i i \nt iate.th hol d b fi t
Phe.r ogthiE Bkt Y50 e er TGS S il 2 RAE Sy oy Whic 8 "

over - cuypiedlly undhiggbdidmanttagdigp@l-viesai d predeternmined time to cut-off' is
determ ned as a function of which of such internedi ate thresholds is
exceeded. Additi GA&CHPUL ff gpreal pepor; 402t is suBRlisdtp dnmultiplicitie 8 € FoBRYAtors

her ei nafpav@hich AR Tk RMesPecAPS rdtiedS VOdeBPRFrEf Glol) Rlsp &Pk | fHSMRinYabRr
intermttently, the current |evel cl assn‘gl egch node”and of the

cation of
ent i r e TRIgEENER VRLAGST sosgsp | 4P6a tbicady aigrmiemented. s yADe gonvsriars. Brogramanable

nmoni t org [ D 0, I | i bed

nor ei naBeney THEEE sl 196 rdoBiyP Bl Houke o FpdrdBERR TP ot IS PR
change (Fig. 3¢, 26 (Eigt 3BYupp2é/ (FiberA) and REfée (Eipc dBi) spraferabiyadéa taobls ¢g67.19A,
19B, 19¢ an 9D, .whi ch _ar eneralized flo arts each illustrating one
POSSi bl‘ltgaiter%a ‘Hé?‘u’i voltegs,yours ?Og?eeﬁa%‘aﬁﬁf?ﬁ’&ﬁ*&}m%%&y operation in an involuntary
power nanagenment Thé 6@phtd dfEmbhraed 204 af subpled &ba RuferkIinitds Attt &dtds a
basi ¢ techni que usefulp for full or no functionality operation in

i nvol untary power managenent in accordance with a preferred enbodi nent of
the present invention. As seen in Fi @8 19A, the systeminitially determ nes
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 consunption (TPC) to the current total power availability (TPA)
is then determned. If TPCTPA is less than typically 0 8, additional nodes
are supplied full power one-by-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
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Fig 19B illustrates a technique useful for full or no functionality
operation with energency override mnvo(untary power management T4 JUY 2003
accordance with a preferred enbodi nent of the present invention The
techni que of Fig 19B can be used in the environment of the functionality of

Fig 19A4086‘Swl§g}gnrleic&vé:si gnp%?Bvol&Q@et\shaéswﬁmtﬁ@% nf BRI AANGHg n&%didfaﬁreaspow

at a given node |In such'a case, given node is assigned the hig t
priori t yureenttimited fvahageicotrat Voyt. OfitpRi vpltag@ArVaut appt Ved a@wpeliedhas iaprEs tpency

situatign | anger i St.S, priority of .th i ven node | - rned to
s o udl A0, coR0fst: &8 P olEPL 4B troBpinl G YR IE T IR BTN I
Fi g. 19%stwednusYowttans - dout etohird rqaragerseft bt cdmrol Eicdulits 026 (Fag. 3l c2 760, i13BY,

operati avi -controlled, pri.ority.in.involuntar ower nagenent
in acco%a tge4\%%32‘329&(%\%%)%68??8@&’@?1? X?)#'nlihﬁeouﬁ)r"gssoé%f%p%?ﬁf f‘gﬁmAs seen
in Fig.supplied toh@aspsmenn & rbitrdlciryuitdel2sr (Fig183\)! I (Rig. 3IB) pore(Figvai) aldl e to
it as well as the total power that it is currently supplying.to al| nodes.

The rel ¥0 GisHIR Pefermdsh Vins QY reniereotSaMONIRNNS 1BRHIS RFpE ‘8&% IRFPPRYHANG ¢ he

currentrebQURp ROV cufté@iflodhd thfdtgh TRRAPEAR t hen determi ned. |f TPC/ TPA is
| ess than typically 0 8, additional nodes are supplied full power

one- by-one on a dthewatpatsmfsene eticomnarasers 04 awe sypplied diresth tlozurrgntdimitert j r st
conme, fj - SEraad S, PA 1 i-cal power
o 1 nai EIMFR AR olihud BELRER SRR dolaRe eS8 Arn PO
TPC/ TPAimes 4éQaad atfip/Gop §12 dthe combaatorsywhasaloutpu. Be buppli¢ddisectlpam carengéqual to

typically 0 9 inquiry is e as et her .a.new.node rnequines power.
1P sor il i et AR tindtBE ool Pl el Bt B el MF B es.
t echni qhtec%iﬁ;&ﬁ’ai_brsf Whosk ld)hipluﬁrarélﬁl;fplll&ﬂd ourednt tishited endadviiash md‘aa '&ihf&ﬂ&ﬂal‘i ng,
prioriti asis_in jnvoluntar ower nmanagenent accordance with a
preferr"’éégé"ﬁﬁ?ﬁf‘ﬁ%ﬂﬁov‘(}? delpye ﬁ‘FEéé’b ef‘h%'r?&a"gﬁq&%“@b'gﬁwit eﬁli“gdeD, t he
systeminitiall YFﬁ?IfE)bfﬁlQQ§ rdspéhsivettalexRee inpatsaihioh kablOrentot@sontdl lofas t he
total power that it is currently Supp@% g.to all nodes. The relationship

n . -
bet weeriha ereratign Qs the usteal lipigarand syReuAD: prothe ranagemeyt &neongrgl SiEwits £4¢ a|
power =\ bhE by ( i S ree Li.JdF TPA is | ess than
t ypi caléqfl;g/' %ﬁgbbggﬁ?t@ﬁ%é @%2§?ﬁ7§l§§ ?g)dw?fgﬁ J'sz)‘;i')w_er .one-by-one on a
time-sharing, prilioisi sipresénteshdiiag)the \abosaldespribed SPEAK sirediay mile alfodbe havi ng
the | O%?&ﬁ%d ggrtﬁé B e 45 6y d!u%hgl&i eQlsho -fléa'a%déﬂci be chfdcl il bdrwed fid%4E t han
typi calfy 0. 95, pO\%er 6 ndl VI AUAl “nodes s di sconnect ad one- by-one on a
priori tandthd Vimmsi s. | f TPC/ TPA ~s equal to or greater than typically 0.8 but

lrrgzz ggatn Oo\rmg? E Irisgf?“ﬁé% ?R?Heé”zat‘%i!qgh%é eZgg’a%%ﬁ{FC?o%%a%oEg‘gRn%gyelaﬂsg\%’%é ;S
| ower prgadizé iryan dRdrive &iaaencehat it has been receiving power for a |onger
pover , "t he | ower RIT<aFt ORI ¢y SBUHBE SEPIRED A SEAF | BREEHPLOR gher
priori LirdRdeinmpsleRORRRAt &0 tHeOeRWMRhent of Fig. 5. Inasmuch as identical reference
numerals are employed in both Figs. 5 and 6, the schematic illustration 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, including a

data transceiver 502, a mains-fed power supply 504 and various other elements 506
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It is appreciated that normally it is desirable that the node be~iz1f\,:@,r;\m?9103
in advance in a change in the power to be supplied thereto This nay be
acconpl i shed by signalling along the comruni cations cabling in a usual data
transm ssion node or in any other suitable node. Reference is now nade to
Figs. 2QA,. 208, 2 nd..20 i.ch are generalized f|lowharts each

i |l ust r§§}?eﬁéln§ngn gl%sgf%fl%na@%yc ﬁar%ﬁes 818 eorﬂ}eu1nferf18Fe FEGHITE PR AN FOSTRLRTS: §

oper at i egpararo@fiod mhadhuintepetatipowe redeveatpearemnt elséteipal ippwehevdrl @nthaidatiod Fi g.
16. Fig. %OA il ustr%t es, a basi c techni que usﬁ%&a for full or reduced
funct i o FEPIEARPRYIER G2 QURHOFURE &Y Travest ehlfratfd fetiarits PAYELTHRIGR wi t h
a pref ek cothnaiatione edbliak-ftd powecapBly § 10/ QRifaBly fOsmiBEQartiof neivebrk 2084 t he
systeminitially determ nes the total power available to it as well as the
total povier Wikht Preferably paresntheydatd SBnshaeRET 582 A4 PRISBY. amhothep sui3bdhshi p
bet weengtdhgreurrent total power consunption (TPC) to the current total
power availability (TPA) is then determned. If TPCTPA is |ess than
typically 0.8, adBeferenpalis modemade do StigplBewvhichl is poimnlificdcblogk diseragh a
prioriti SIS 1l PC/ [ . ' V. o@: 95

et Bt edsfsﬁ%%aé%:éﬁé%ﬁéfﬁéﬁﬁéﬁékp g’gﬁg‘?{’gzﬁuﬁﬁ’lﬁé’ﬁb@gs?%Bﬁq\%&%m is
equal texaoplgaeakernal kamecyyps d82 -y1909. 8 Budppteemsedt thanther cireqitgl of Bigt Vi cal |y

0. 95, an, ingui i S . as whet her .a node requir di tional power or

a new nagﬁgla?'é{ﬁ{“ymaeysbepr%&gr‘q tOIItf‘%g(S’f’g%fnﬁs %‘OWBd@r Ffé?\?f%x mj%a%er priority is

currently recei viFg. T®Wws tibieall on&itudit eRirichty o @ AtwdaS nbdesSs S00MEKdERRAP! Y

reduced, and the higher priority node is praqvided with power. Fi% 20B
S

i |l ust rdﬂ"eéraéls‘feé‘fﬁﬁnﬁfuea e ed f BRWSTLFYPPYY 5?‘&ﬁéet?rﬁoﬂﬁ(ﬁtb%n§!ﬂ“? opr ation
W th enrbgeiicy dﬂVﬁnErfhﬁ‘&io‘nﬁ‘litkWhH%QE.YTH@‘{ﬁErféEBW@FF?Q ib;{lgﬁE&rﬁér@s%Q%e with
a preferred enbodi nent of the present invention The teChnidque of Fig. 20B
can be 498BeftomSidwhishus pperative toofeceive datarand ietpstiicat povdr avierycarpmunipgioseen i n
Fig 20 : t em.se f L a

gi ven radiE RV R EIGEI 962 o AP AOTICRRFUARERYE 53 (AL ANTQRENERNAD 5 1y
and t he ¢ammtnicatiins togblirfe-fed (poB@A supplpppl,i mefe@bbyefarihmgepaer gfemtworki tadet i on no

| onger ists, th iority of the given no is, retyrned to.its.usual

b 1 or 1 (37 Om et araterRy o e deETscaR e aid PSSy ny  dhagr

oper at efrcabgor di ngly Fig 20C illustrates a technique useful for full or
reduced functionaglity operatio Vi ueye-controlled priority in

i nvol untary pomﬁ‘ﬁﬁ%{ﬁ%ﬁéﬁéﬁ?' %’ﬂ-ggpwpﬁaﬁ&swlﬂ Wdab]bﬁl%‘ggrg’édl?‘ésﬁﬁﬁmsrf’énp of
the preaAdls dibEItheRE ofBciPRA ubdfulfih ShebfibodiMént SIS ANint 4@l TYie ik M nes
the total power available to it as well as the total power that it is

cur r entempodigptts/hayg theocommomprrpese T ovplingtRG@Pewerso Hstapaamniqaton catliagt t ot al
power GQ éi’ﬂ] t J ept: ; ; i bb ik Y%nd TRd) is
t hen det {e}@%{rﬁgk : é?—@%ﬁf@i tpgre?lgg‘?e‘? 15%8{03[6?10@’8%11@\431 ng%g{: tdl:lonall nodes
are supppédadcothesof and previesing ssustipndi Bonad df linecrakfopoere couphed theretone on a
gueue-control |l ed,..prj,oritized basis pi.cal |y .0 ir cone, , fihst
served basis If ?Msfrébeéraecg{'%l?r ?%Otaﬁuct i°8'¥ql?r;b2g.(g§; %6%?"”{?})‘3 r i3%(6ji vi dual
nodes i(Bigr @A) Gailatde €orbyseOieh AL AN [1hiaetdriante dvithas ipfefertdd dibddinénti of theual to
or greater than typi (gal |y .0.8 but I,esff han or equal to_typi CE| E% 01 95, an
i nqui r PrIENHRYRNQE 2 tREHASE TRt @%*mqne!str@a e AL TICREh CBmnS new
node I qeHsfPmeRO¥8ard fypRAlly 1 NatanbRfRers WhddhdRs cHafactdiBe Rl th&Th&S intlDge SUCUE.
Fig. 20D illustrates a techni que useful for full or reduced functionality

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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operation on a tinme-sharing, prioritized basis in involuntary pozuar“”.‘I 2003
managenment in accordance with a preferred enbodi rent of the presént
invention As seen in Fig. 20D, the systeminitially determ nes the total
power available to it as well as the total power that it is currently

supplying to all mades deléibek @lcaliplensd, Budiek Weglel 130 W mmbrtmpaér 3power
consunpt i on (TPC to the current total power availability (TPA) is_then
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typi cal | , p b i.dua e ce b

o or ¢ 5S8R Wittn 5l g epRReBishel SRS 3BA VepRr B0l
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node had T T ohEEs BB FBeehERul S RA S, RICHBRNSY isoledite, "hower
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currently receiving full power) the Iower’b(grl ority node has its, powe

suppl y reduced antflf FEFUSTUEH&ERabHS; B tXP NARUNGSsth CHTY dedestivenPYIHwS, an

Ref er enggatise omge’m@ m@saﬁleqm%’éd phir. A ﬁvaxaagecoﬁﬂg sa-&ctmeag %hagﬂfh%Fﬁés' Zed
flowcharts each illustrating one possible mechanismfor node initiated

sl eep ndvtezenpBlCagurtsnt vip the twisted | pajr gndj thys plgpBaten the yognatic fiejd Puivsrould _
managengitqt vg‘eﬁgt%dfhla@%%{s{edgmr hrgled%%%:dn &ntih tﬁf aHeLﬁ?IIeEt?t%(rﬁs a Si tuation
wherein a no operaies ~n a s node as e resu of activity
for at Figas$C desq:mk&sleat mupieneScIO,asmhraB cofiples B20 AE;gs&Ah o ol EDA(an h@\)t | ne

duratiop.TD 1.since. he A9t activ of, t he

exceeds® “?@Fc%’f Iuse i seco ccorfjar?#nultt preﬂ ﬁeenibﬁge g gqh% pr%sg

system mnautoncnﬂt which dhd&(ﬂdsr‘eg p&it @f pbap@:utterst)ﬁm avhiohneffdctieely Autksckt be:nfrﬁmer at es
in a sl ee 6%2“ ch nﬂ‘mall |nvo ﬁ substantially reduced ower,

r equi re'f?é SWIESH, ‘ﬁé't“r‘ r@é“& VU ATTRN2 & P TSGR aﬂBﬁﬁoﬁfes in a
sl eep n@gj@f@@e,t he result of lack of comrunication for at |east a

predeterm ned ampunt_of time. As seen in Fig. 21B _the tine duration TD2

since the |ast cdmnRR deseribas agouplee6 b gech as cruplen $20(Fig. 3hher eques f20
typi cal {ryg. aA)egmﬁﬁsq&dﬁse%umwm%n dcBorlif}fe aﬁﬁﬁyfb?efe:fmoamuﬁ@&meﬁt S/ geem

i nput contrai'ndi cating sl eep node operation, the node then operates in a
sl eep rmyesent me@wnmodmlﬂymphdcﬂ mwr@bgtcamﬂcnanﬂ@80raedlﬁ@@dvfp@w§fectwely _
requir S es in a
sl eep rGrJD{ge ]?%%Ognsﬁ%%hsg (L:}ﬁ\5 ‘Eﬂ%or'{‘tﬁ 'rsyrh&g%ég&tsﬁhﬁ?&ﬁ} h %igg(agc%%e
W t hin raqtpmrancxddmahzilyransfonnen ng time slot, absent an i nput fromthe system
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i'S cur rieearrigd wntbbthnwtrbaaoﬂ theewBledtpait B8multdnetialy, the @ccud’b‘ﬁdeﬂ:g' at shomscirtLd, 1t

in the, sleep node. Fig. 21D il ustrates a situation wherein a node

oper at es i

oper at égerFfﬂ"%E Wi 'e'é’écﬁ‘ifﬁé‘ pewet piverlpad; fi1 additiogaladyansager of s sigyfiefers At tAs seen
in Fi g.willlee 38 bidGe Hred L AN Ak Wwhidheis her %cx@li%afptéd%l; recdif€ pa®bd ode@st may
be, for exanple, an attenpt to comunicate wth the hub or power supply and
nanager?%tW@%Bf}"stem I f the node passes the test, it operates normally

| f the node fail n I ; i'sS now
mmde 1o Bigs - oohid BB b kafBSTBbCR I LIS BB REEPTR o FBLERSE 1 2 0
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subsystemlmtl ted Iee de ration in a vol untar ower .nma enent
step i RTERE ‘I"Y‘H&EH&P? fsga sﬂggﬁﬁc&g LI M Frcﬁ’f@g&ag’gﬁ”ftugf’ H’% erein
a node 70pejodipeiSes fiveA pair£ 8P aljasiebla uctie bilesding civfuitsarde &fd acd,i whicy dror at

| east a predeterm ned anpunt of tinme As seen in Fig. 22A the time duration
TD 1 siORE@UYHE QREaction with fespegtve easing coatralaircutts 16 addOBub or power

supply and managgngnt a?hwsfﬁﬁﬁ?e'o?tH@@ﬁH&ﬁQeﬁtfofrﬁg]-SE)?ﬁﬁqgé iy Pardlofy a few
seconds or m nutes, |n the absence of a user or systeminput

contrai ndi cati ng sI eep node operati ogll the node is then 78




- 2~ il f~~ 2003 operated in a sleep node, which normally mv_glzvaa.‘J
substantially reduced power requirenents Fig 22B illustrates a sitt ti%qg3
wherein a node is operated in a sleep node as the result of |ack of

conmuni cation for at |east a predeterm ned anmount of tine As seen in Fig.
228, t haahisBledhigial 'bgram;f gcﬁweev-dvhﬁdl 754, GAATHA! GREARA. A el
sensed by the hub management subsystem s nmeasured |f
TD2 excé@dSCttVVpiﬁ@@ahg yané ¢0e\w0bett@nfds7%r and 108 exsg qpnranh@ talrs@ne@ pfecaclyser or
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user. As seen in Fig. 22C, the tine slots are defined as tines TD3 while

the remsintg RE Yoltage 1onidhe spsendzsy widingy ek thejariatinn BfoimsT GHeeethus poj s
current b Wrkeht 'ﬁo%v@?hérét%u@lll Ofhisl BRriatd th@theed forGDC qéyldt % L RERrsT. % thhi
operates in the sleep node” Alternatively, hub r supply and
manage niwprovessbe balermingand impedaneremetoiag bpk@rvmnotithetwn@wer ni ng the power
supply to the nod g. 22D
1T Ost rates a of ¢t s R AR et b4 HEoRBRAR sk (i CRbl gor b %, .0
resul t afy seefiafot mctmrin:hlamcmg s qeadedoin tﬂxbcenfbubmmnt p e, 8§3,|pmlr9ahagndue to
managenent .subs t he hub or .power suppl nd
TanagenEhiaigtn o) e, ceRaFE Along (b B emiaestiog, CBHBE iyen b Dl 1
test mayolfages dPEach AR thio vAiFes VI HIRPA std OpHOWHHR n6BbLidéhiida] e Ab&neE opover
supply and managenent subsystem . If the node ﬁasses the test, it is

oper at e3ftiMe PRRAEE, | tus FrEatiiece DCarqliase EPn aaress the seeondau oft temsiormem gl &) eep
mode.  Refigh enag ch&e@ﬁ%r%ﬁﬁn&?oﬁ)ﬂﬁout gBRansfotfer 7R and 23D, which are
generalized flowharts each illustrati ng one possi bl e mechanismfor full or
no functionali ty Ragfenenge ianowmage Fed. 8h1 w yhpbmmpﬂvﬁnégmwslﬂwanw ehe
]‘:' owchay re?e{n’ ?nplén%nﬁtgn FInd &L&dﬁﬁ%&za&feﬁ sé)%hﬁn&c%cﬂnfdgh'&all?{léxlélmef or

ull or uncti'ona op eration 1n volu
accor danoerals tahe amptogédanrr cbdthan‘gmoBBmmi 86f t}tehsrhpmmeuﬂustrwmbf dig. 8&isseen in

e RS A R e T T T N
pr ggr art:cr)ﬁﬁalmrdr}[pﬂantm&gt}?bwmt r]eut hat i ttl f E:ulr rently supplyi ?g to _?_:DIC)
nodes e rel ationshi p between the re ot a r caons ion

to the current t@tegqre o made biej gqi lTPE § 4§mPH§?F10\§”§‘F Hgﬁn}ga‘i‘qn PCf TPL
is | eSSa fu‘%&'ﬂreﬁyl Fe"?rlénrgttgxgn & tRdehiddané: dFQﬂéSSI?rIﬁasﬁﬂﬁﬁldsqgeﬁtl&ll' rfQeRde /9 -
2. ~J 8 one-by-one on a prioritized basis If TPC/TPL is greater
t han tywrr@éals yrepergploygshineboth &Figsn SEvand udF. thedekemasicdillysioativacelelizo8E: By- one
on a Pryeflieli el QAR §pl£rfato¥5%a- Pl'r?rbf%beeggﬁlthet Qakgrofgl:,&ﬂsgﬁestshﬂg atd){ logal 1y 08

but | ess than or equal  to t 0 whet her
a new nodmlldeﬂmuptlest}pmmérs prcivxd;ad heEend a node haV| ng a Iovver prl or| ty is

currently receivin pover t he P§A O, de i.s nnec ed from
power and the hi &% gef ‘}fFl‘soP‘?‘YV‘aHB % réé%%’gﬁgtaf)e 5’8'\'/925’5 é%éoc‘?(

i |l ustraad e&emamelmmrgt;@stbsferﬁmdusfeﬂfbo&uiehtsojf aNRpArtitde uberiaini thy emp@mﬁienen W th
energengﬁ override in voI unt ary power managr&nent iin accqordance, with a

pr ef er P&H & nbodtAéh{ Adrefenraly gp é%’éh‘f‘ati%‘éﬁlﬁ rfespRetiveacamphinere obFigsi $A -23B can
be use@dn the environnent of the functionality of Fig. 23A. As seen in
Fig. 23B, the system senses an energency need for power at a given node. In
such a case, the lyidditiontode dogipaswignedddadia RigsgAage 9bx these sepacatats may

functi | e ency situation no

| onger a8 dlcppicbfaceiitel b Bytf Ml and RGNS EIRIECTEY P 1R LA
priority and t he'l‘hema:ﬁowremlbodnmeoﬂs hBvegthe Zavhnmpepuqtoee oﬁdmu;ihmggDSZ pdwer
accordgrnce Wi th an.al.ternati vehenbodl men %f the ent J?ventl an, the
funct i 8i%4) s*w%‘f"umfén%eﬁbﬁwy I ESHRRE T PlgeRALPERBEC DS BRSS9 povier

managemnment
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limtations. Fig. 23Cillustrates a technique useful for full or.nogfiy 2003
functionality operation having queue-controlled priority in vquntary power
managenent in accordance with a preferred enbodi nent of the present
invention. As seen in Fig. 23C, the system initially determ nes the total
power alloqatgd to it as well as thﬁ oft er?ower that it is currently

suppl yi nigiebrhangg dadhe prpRAdapsedAERY AN R RIS NS KRUELPT BhPUTEHtR! [F6wer
consunpt{rg{gfm@cohﬁlegh&,gyrrent t ot al povver allocation (TPL) is then
determ ned. The tec ue of Fig. 23C can be used in the environnment of the
of Fig 23 A If TP@IEPE/’H@SCIY@% atspRaRIy H00apucy a9 separaeidi 42 @ieal2Aotiisblar e
supp! | ekl Uld wREWEH ARNG 2D6rPiEe Whnd AURHE! EQRLE AL GPfk AN hbvafbalas! S
typically o first cone, first served basis. I's greater t han

t ypi cal th@h @xsluqy@wepant of adddianiat radsfarodss! 618 foli wbmhmb& ron®ripyrsoifédon a
prioriti r. | 1 . 8 but
ess t haaf]rg g gsl 1 Hanst ge;rf #Pfcﬁ@?eg(g% acttegzé?i mQEzﬁe{B mEI c%e %Eé/ rCt\%h g%ltllﬁlgr a
new nodqarnmywrae\shprWDC f\/ohszcge i bvatacﬂad)dem lmtladdedoftaawndml pfadt t om of the
queue Fig. 23D illystrates a technl e usef for full or no functionality
operation on a tine SHRTHG MAPRSF |t éad‘%ﬁgfhf ling *&Pﬁmﬁ‘%‘ﬁf%%%&fa“o"
nmanagenmeris stfuch&e Alsdafs ehedvantagBfhat dire t8 thelfabt thattthe G4lae PoIREE T erigbedi ment
of the present invention. As seen in Fig. 23D, the systeminitially

det er ni et Vies elgha fwiskderir simueacdys e pecugenceefia sagrttcrﬁ@lttfaﬁraaloqas)wéi t hat
1t is Cublenity g%bbEPBxYéri&Qd &n Q&dm&ﬁﬂﬁﬁ/a%& 6@11@%&1?&%3'1&#2{3& WGR Rof BfsEur rent
total power consunption to the current tot power allocation (TPL)

i s t hen bdenout ef mTede\:eietvémhns golespediallyi agaptgdstorc@mw@@owsxe@et the tWisted pricr onnent
of the of Fig. 23 ty nodes
are supplied fu &) 9&3 descg:{b-gg.lﬂr s%psaratcg‘ﬁ%?(s Eucgleass acf'?t }?/42 (?%o%g?glz“té‘ f%ggxlm s,

t ypi cal luye oithaa W $n ab@rdanbe vmind:e phﬁanedg-,;muméxm@mgpésme preseat iroentddn ask | S

cut off first. [.f TPCITRL i r.eat t ha ically 0. wer t

i i e pguges £ rar S o BeRlaRbRRmgt or B SRt thegodt TrsBlomres d63q ¢
TPC/ T' Phrd ﬁypequetll It ra@forgepaivitichtdr@tharacpiriead by tHat thepUhcllidess phivary 9632equal
to typically 0.95, an inquiry is made _as to whether a new node requires

power . Pcdiois st info fy@esepargienyindingb WEH4 prd 493G A cRRAcitere! donis coppgted t has

been reggiwebh SiRANEY 1650 ariti 1980 tch;?ﬁ%nor"‘élfe%hvél? cBRRYR the RVEURAARLS Red
mnimumtinme, is currently receiving power, the lower priority node is

di sconnasiesdfof rhigh Seauency rrignale snclghmdatprslmailss ybuh@@éCti‘@IYcGﬁH%t@é W9 power .
It is appifgdsabeBct hat normally it is desirable that the node be informed
in advance In a change in the power to be supplied thereto. This may be
acconpl i shed by sTlhaitiuctige hahries tHwetvcoomdemgsatq oarsy cesbédtivg positive Landal dat a

transm Ol 0 Sui de to
o A0 U B s SRR o Rl Sl R A
illustr ﬁétlz&g) Dae cyress |vbi the rmwnahpsmrfdouhus‘ elirhinates ntieduagdtié ekl thanabukly
operati O[l:'\ vol unt g] mana erren ste in the flowhart of Fig. 16.
Fig 24% PMYiSsavs cBsted i eéwisé@rﬂ*ﬂfgﬁfé‘eﬁ FeRR the e st o

functionality opegigt QQrHebdﬁbePhlé%a%Ur mmegucmya%%mmm:@mdm&ewith a
preferred enbodi nent of the present invention seen in 24A, the

syst em forjuge withy2 ladNap mrensdance avithay pipfepedernbadiment of sl present masntml andas t he
total b ifdi@des latl aﬁrsof%Fﬁarcﬁﬂxtsl %68 WF&'&%‘FP@&%@T@%]I( ﬁe%ﬁne reliéﬁn BleAfddenshi p

betvveen t he current tota ower COI’]SUFTD 1 on curr nt t ot al
power atitcudatThonst(urRcy xS|rslanwéynsxd@imﬁﬂn@dmﬂeeuuemmddqumaldfansﬁognerz4A can be

used in the envi gﬁg%tdeggﬂbgyg sggara'tzérglmg uch a% Sffplax% PllﬂrZ (gxﬁla_%%?/ &qgﬂe

typically 0.8, addrtional nodesare sup -one on a
priori tforast bah |asLAIfJ il Rédofdnce svitd) raE;ﬁéferlfedt dmmdirym@ﬁkﬂeypr&e&&nvmm rantio

i ndi vidu i s reduced one-by-one o itized b
ﬁich tnc u es two pgrs 0 capagtorgl 188% :;mdrl I&Op E fl‘ectefvel %Focl% DC from
reaching the node circuits This structure is also relatively simple and does not require an

additional transformer
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If TPC/TPL is equal to or greater than typically 0.8 but |ess than ‘or"[g‘bﬁﬁm
to typically 0.95, an inquiry is made as to whether a hew node requires
addi ti onal power If so, 81 z ~~!; a,~ 2003 and a node having a | ower
priority is currently receiving power, the lower priorjty node has its
power supply reddarciabgrd 16 hisgheidvaritags thay do@ehé Facp Nﬂhéeﬁnwwbhage
addi ti onal I 1l ustrates echnl e usef for full
reduced ‘f%@f?%h%h S/eso‘f)tBﬁh‘ét‘W'(ﬁ?‘deﬁa’trﬁ”B@éaﬁﬁ%W H?/BF‘PW Cel‘?'f‘\/fﬂou”nf‘&t“i} power

nManage fgndaldng Witk dane e poveRowrripid ey zfdﬂdlcﬁﬁlbzﬂﬂ'hﬂiﬁgé ofthistshectifeds Bt it
i nvention The technique of Fig. 24B can be used in thel environnent of the

funct i SfhMPL gﬁu(sq byrngut oz@&%og@&ﬁ'qhns ReigSPegially adansedsias fespive BAYES O

energemeﬁwqg@&ﬁp ©Or additional power at a given node. Ijn such a case, the

gi ven node is assigned the highest priority and the functionality of Fig.

24A is appli ed. E)gcéEtdw‘ecr@neagmorsi'tQQalstbnasrmph@md7éﬁxgst23) sufteblpriority

of the r et ur, edt r|or an functionality
oSN EARn B RARE D ¢ et BmaBilnnl oY R festt it D 8

errbodl whith i0f sélﬁmlmwmmmmnﬁe cmxpliﬁ@eircfuwnsépamaf 1704 cofnptiks temRiagency

2ac i | PR Pl bR B Sl PO o deieing ek POHR Wiy

Operatte@ﬁbch%/sdﬁﬁngldﬁ&@orﬁ@m&lf&htk¢¢Oépz[r1|dQI708y in voluntarly power management in
accordance with a preferred enbodinent of the present |invention. As seen in

Fig. 24C, the sy%twempamcv 2k fqajure of diensmadiment efokig) 9B dhat thefwo eairealto it
as vel {4; x?s‘éabﬁé"?ct;v@tb%lanﬁﬁ%frcﬁ ifaf70b tand 517@41 GIREH b ShEPRIV upgc(r}[i%b 'loklov{?igﬂgs' The

rel ati onshi p between thé current total power consunptijon
cur r ervespestied sqroingrandl ¢antrak cioguit§ TPLG ané 1t7ﬁ&rard@peratrvm dmifingain @cdmsetue of

M3y ARRR Gt G bh o BE EO ML ONIERLRs (S eBbt e ddro, T TPT TOL 19

| ess t ?oRA are I'ed
one- by-one on a Npieialy dﬁnhpmlok’edlm\pnodens toupdet] toadhtnunipdpidricedblivig &ta #n fir st
ically . 0.95 power

R t ed basis. .| TPC/ TPL t -
Lot ndRMRTFoSaEET LU0 Bifoda e RErRy B PR 10D DB giteRy

TPC/ T%lmgesewaforésgd Ofre GifihiAkd bRARCH YMHhe ald m&s&ob@hs hesife RSB Phirequal to
typlca ly.0.95, an inquiry is made as to whet her a ney node reqU|res

addi t itBsT& S pedRErvoltpge agross theprimpsy windings e dhe isQjationstransitrves bHO@RE thifeue.
Fi 9. 26b¢ khiad mRie ShethREPN TGN RES Whe £RE AU iQ1atRgdhpdcRBAland thus

functionality
improves the balancing and impedance matching behavior of the separatof
It is appreciated that whereas in a theoretically ideal system there would not be
any need for active balancing as provided in the embodiment of Fig. 9E, in reality due to
variations in the DC resistance along the entire communication cabling system, the DC
voltages on each of the two wires of the twisted pair would not be identigal in the absence of
active balancing, thus creating a DC voltage drop across the primary ¢f 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 implementation of the embodiment of Fig. 9E, inclufling elements 1702
and 1706 thereof. Inasmuch as identical reference numerals are employed in both Figs. 9E
and 9F, the schematic illustration of Fig. OF is believed to be self-explanLtory and therefore,
for the sake of conciseness, no additional textual description thereof is propvided herein.

Reference is now made Fig 9G, which is a simplified schdmatic illustration of

part of a preferred implementation of the embodiment of Fig. 9E, inclufing elements 1704
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Whet her or not the power/data conbiner 3168 and power/data spli tt_e?r "%”'il'lsé’mf’
are inplenented as an external standalone unit or integrated into a network
device, their functionality is simlar The power/data combiner 3168

functi ongok ;s Hp&&ﬁ&@?&eabﬂ OVhdef GUENEMI B?%rOpﬁeﬁgﬂ?}o glme% tRE o AN of
frequency, |ow power data cgrrmml cations signal e’ [ ow frequency power

si gnal nepwhamenagemeaigdienalygl uhdiZ0é&kanpl e, from DC up to conventional power
utility frequencies, .J. o] r t it

functions to separ ztt ég taﬁgfeflgt%df{hég%eﬁ@l%gn\/\egfv{g?r{é%%f&f ?gjﬁq t'hg’; ﬁﬁéﬁg the
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Mot ol 1 e uplobeb i SRRt RO i LR Sif LR g B
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4e1H pak send 5P

devi ces Bi8F af ¥ EYAFHLGH BT |YATRBIRIN o CORAR)| Wit ¥ senq, 5ppiggl messages

appl i cat iy@Rs o8 dRbuhkhs Y ANSIBHShRIBB bApldad b% BéntRAYRIin eLEircuiy o FSysSt em
of the present invention can be aPpI ied Po include, but are not limted to,
in gener &4 &P fyspereling whethemfull on aartipifupgionelity évprovided thareat.and nor e
specifically, 1P of, LA E&h?@ﬁ%”&h ndéhg'pE@) Pﬁh&g‘ém%ﬁt@rcﬂﬁ%ol‘%ﬁ FRTREAR:
video conferenci ng equi PRENT , Wi I el ess 'LAN proticts 1 ncor porating

t ransni t ther mamagomec & pews, supply 24982 és sangyatlahis it way katdas icomsolamadsé via - 2

~ 1~ i printers Also included it tem,devi
such as GRSTRC o BhieE B darous LA R e aberetha Mokl P o F gty

control | ggddeSnmart Hone devi ces such as LonWrks or CEBus conpati bl e products
and all types of traditional data networking equi pment such as hubs,

swi t ches, routers,tpy F?f@égatEB%ﬁo@fnuﬂﬁé“%‘ng“E ﬂ%’t“ééhedé\}‘i 2O 1ot WeskiRpapt ed
L0 recei ¥ngub®@l 7010 PBL&iiROn&lhffe!l 101824nd PONRuLdr A0t AARiek AtH Rhfa2mlir baekuy €.
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t he LAN pawdr whiletie copmanisationagblitgeiramimiuboi0 1 save b sampqq 203phanhBANs abl e
to carry,.j r f The . em ¢ Lses
syst o SR 20s Banh i ot O3bra i p Pl i NS LA SR LR AR

| evel , ithehub fa thmseriver 2022warrles ehlyndare, irdevypially AN atrimgemght tdmstruesedvard hub
and backgon%vswi tch level. The %O\é\er bog.er f sgstegn %anté be added onto a
Convent | G ANEERREES I SR SmoBL oAt P RaT NS NTe networ k

el ements thensel vasis gpreciatétlibitit edod bL RSLANOMIdRE 201D i TNPOS whiohi fectiess, etc.
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and sonePPEE OV thsosmmurieatiop rablingy @%Esﬁ?sng SERAratas forutepanaEng Hhe eleaica
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Li kewi se integrated power/data conbiner hub/sw tch 3072 and conventi onal
LAN hub/iagmat i iegespegtivesnodesgrd gee IC spparafelyoipsignitedy iebeiag rdpegsriapduigat 3074,
3108, 3 : ' t / dat a conbi ner unit 3168 receives
power f:%?hmﬁggégggéﬂeﬁ%ﬂ?@gnﬁ{yﬁn nﬂ?é%(r(:ibnnect ed to AC mai n power via

el ectrical plug 3l7B.a patiegaafeetirp ofe/ cabalinentiifngg. hdo/that bath d3@9d

recei ves_power. over, the LAN cabling via. cable 3088 |Integrated power/data
conbi nerP b S FER °§(5§"253f“§ ‘WHFﬁ‘?eC@gB?E P the LAN bridge/router 3066 via a
cabl e 3070 that cayfd @pprelhted dikn Fid\etororiKushams Cake embodifieat df o tshetem

hub/ swi tch ;3072 in¢lude I P tel ephones 3076, 3080. |IP tel ephone 3076.is
connect RIOYYING Herps rPé’él"ebd?ve‘?lWthWa‘!ﬂdés 3086 aul 3dt egratREaten, 53RNEdat a
spli ttercophdchng th@uPh8NGribE: T aANeRBEAE AR iehvoatGe et kPuan Hudiggal
power/data splitter 3078 via separate data cable 3082 and power cable 3084
The poweslscHEtROWSHId pluest LAOT7® des viaonidand ¢omsuniratipi pabini cenneggmp thgjhaba
cable 3 - hat rries: a Vi (o]

ot ear atod AR LARUGES i PhARONEE P AT, PR ABRRECL A ofed delfork |
3096 andndiklingh gpwensppilQad mEnegquant afit eparativeud erovdd¥ddedtscal pomectoeldcalo an
externag\,\%owgr/ at%és litter 3094 vi.a a cable 3100 that carries only data
and a pSWeeEBrE° or CATMUYINAEP? G4 ASsplitter 3094 is connected to the
hub/ switch 3090 via a cable 3092 that carries both power and data. IP

tel ephone 3 102 is connected by a cabke 3104 that carries both power and
data and integrates a power/data sputter within the phone. Note 85 - 2~
(! t~1 2003 that the hub/sw tch 3090 conprises an internal power/data
splitter to separate the conbi ned data comruni cati ons signal and el ectri cal
power signal received from hub/swi tch 3072. Conventional LAN hub/swtch
3106 is connected to the bridge/router 3066 via a cable connection 3134 and
to AC power via electrical plug 3108 Network devices connected to the

hub/ swi tch 3106 include IP tel ephone 3112 and desktop conputers 3118, 3124.
The I P tel ephone is connected to the hub/swtch 3106 via a cable 3110 t hat
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The network ready video canmera 3136 is connected to the power/data ZqQihj rzzgg3
3168 via a cable 3138 that carries both data and power. |P tel ephone 314

is connected to an external power/data splitter 3140 via separate data

cabl e 3144 and power cable 3146. The power/data splitter 3 140 is connected
to the power/data Befepinseris meim mMBHG80 Figa @Bc oritieesda ponmdified atlecke diskran8148.

Simlarly JeLerhonsn34e8;:d : : 1Na

splitter %ulsggn vn?gl?gepar a’?eé%gtng “%%qu@%‘g‘ﬂggﬁgv“ﬁgéﬁpﬁ’rﬂaﬁ %ﬁ%@%ﬂﬂ%ﬂ
power | daremgphicttiens 31Beg socgnredt @dd t operhiee powerctatdeme conbi memprafenred 3168
via a conpi cahl e 3154. Desktop conputer 31 SO is connected
to the p%?ﬁg’gﬁggﬁéﬁﬁ%&%} ml}'lr%fn'tlorf’,168 via a data communi cations only cable
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net wor k 3060 e, adapt t o pr.ovi de. backup el ectrical power in the event
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Exanpl es2$/6r§e RUEN teerhope phwnisewimstandf Kelgphoae 4Pos, ¢ @eprEe V70 ided sasEer AN
devi ces s@gorporatng transmtters and receivers, etc In the exanple network
shown m Figu. es 26A and 26H, the L'PS unit 317] is connected to AC power
via electrical plug ®tFQaznedvigh e\prefersedpernendiment extithe prebenp owentiatathgrecsnbi ner
unit 316 r i yel L Liapabade PS: uni t d [ et wor k
and/ or Lﬁg%%%lan?gﬁgrggmﬁ)é’gg% tt?’ 181 g%%p@;ﬁlcgl %c?prefaglgf qgoﬁéf}g%g‘t r%garSEer}t(8 gn one
power / datvperatmgior beskup @oiverto ak feastsomapbsdidpiuralioy ofatodes hathediub206@and thyg
backup el ectri.cal p r, i.e.. 0 froma ni nt errupt abl e power source,
froma f%’ﬂ'ﬁ’?‘?ﬂt?“icgb\q/{e%ecoﬂ%et%$ B’e&?‘ét‘i%mﬂ%ﬁf‘ﬁrﬂ@ﬂﬁ%tructure is more cost
effective than connesd ilNGir&ag Rmebdieaads Figt VoW, kubdye@RNtost Qs ildcated\Wiithin
dedi cated UPS or alternatively creati ngaa UPS power distrijbution cabling

syst em tHF AL adeinglugemns Aovicouraly 483 Hhish tupPlisteoRsFagng RAep AREICr

net wor K. pakfud PEwaV@NariBhs 2 AR Wlesk @k lthY SomiBhifiGtioh CblMROWEE domnithiatibgd from
the UPS to those critical network elenments that require it. \VWich power

over LANabhemhreeetsr ok switoh 8084 ve @ nower supplyiateploore086ro theevasipap QY a
failure CUUJ 1 the Ipe [ r edand

Cont | gur'Ser st e apotse SUbP ihBlre (B RRIALCE) BokRTRORCIe Walskr NEARY 3058

vi a t he alengatheneammumeatios l@4linn mecteest somet ¢fethe ANKNVANdEr dBioentioB6datat i s

i nport ang not.e t hat nef it the St of the present .inv. ion is
that t heorfapguSus, BB Rany sl Do oo 8, RGPS rebitho el HidsHeateLan be

r educed sabsiagially edthoudaderfreney. i s distributed as | ow vol tages over the LAN

infrastructure In_the case of IP tele hogg/ .grovi?{%‘ng power aver\kéhe.LAN
permits the I P teltAHORANES Wil \AePrafed el FRROEMERHIHIE PrSEY ABEBUYbIRT st as
or di nar \prgvidddoia 82060 L PoRBNRABRBeMERIEE coREb! LRkt DOHER WIRINMRRI6Y ah@dantrolhe

el ectrical power djstributed over the LAN can be delivered either as DC or
| ow fr edheREYeIARPRIgd: By subsyiem208@ to igsvariophbAFepedes M2 BE GOBWRIMIGRIISRS t he
LAN i nf ragg LUCEHL e g%%”i t WA t I i Sy s The
power voclg?g{ ésfﬂév ?‘g‘?h@aL ggtbﬁr fﬁgﬁtgor] \éﬂn&e%@bgﬁegﬁvmg(r)yo \ﬁ/ﬂﬁ}ga &gnggﬁﬂie

curr ent managémint ebrstation BP0t preferabit wrn lcANpata BIAN.tMangememavakstagemndar ds
such as 60950 and EN 60950. te also that the electrical power

del i ver ggb%\}ser%pfm ecgbﬁl}‘frﬁ@ycuéquer'g@etcroatﬁ@n“?étatne%f)eﬂgsl?rngo §ﬂ‘éen6&ﬁerr8 eerg\{éeoﬁ]af)té pairs
in the gpableemkhdpempmts& contralnhita0880Ns requires 2 pairs (4 conductors) to

i npl enent |If the ?ablin (ﬁlant is EIA/TIA 568A co e and includes 4

at
pai rs) than 2 pai f's'S aAPratehEdg2 TRMEERERt pogkstan v@? CHAY FEVEMa i t t ed

usi ng oRPeffiod WP nitipld BoWdtUs SfhgPRédt % tontdiufit£ 2683, tIRE pBRWEmakdtleehe® and
conbi ner are not necessarily néeded and direct injection and extraction of

power c&AntEA UniA08 friy eadiso @mmunicape with varjous d- AN @ades| i EAdt FWikdiy3084:byt he
dat a _Calﬁlr&ri&\lﬁ RahGRPL AN Meds s RANE noée@%rébg‘%o §$\%ﬁ{ fhkif Bhrr P WRlde bf power
di stributed using one or t of the available™pairs, i a, the rgcelve and
t ransm tusager Eor Refmepie rppaver snanegemmati& tontfail ginit ZP8Bdmayhsent | agstrolatmessagebl ock

di agram of a power/data conbrer unit for placing electrical power onto the
data communi cations infrastructure. As,described previously, the power/data
conbi ner functions, whether inplenented as an external standal one unit or
integrated with a network el enent) functions to conbine an el ectrical power
signal and a data communi cations signal to forma conbi ned power/data
signal The description that follows uses the external power/data conbiner
as an illustrative exanple Note, however, that the description applies as
well to the integrated enbodi ment. The power/data conbi ner, generally
referenced 3180, conprises line interface circuitry 3181, filtering and
protection circuitry 3182, a power supply 3184 and a controller 3186. The
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The power/data conmbiner unit 3180 is adapted to accept electrical power
fromordinary buil ding AC power, an UPS or from another power over WAN 2003
enabl ed device and to distribute it to one or nore network device connected

thereto Each out put channel may conprise .an Et hernet chapnel that .carries
data co lﬁFééetﬁg%ﬂiedsaltS}FFaféNdﬁ)éﬁ a”gp&\?ﬁe?mgl% alsCYHY S Pn Q‘StCHC‘ﬂHf/Qf 18s
comuni CHA @nBBafod c@avelinSwBaadrIuls binpdriid ferushalin heprpaver thei@ba conbi ner
unit conprises circuitry tfhat mnjmzes agyorﬂdi sturbances to data

comuni cati ons. THB 9PBEWETCIURSEyWRETEAS PAVEIRMESEBENt % CANER K 0BT soages

el ectri caht ROWE hoWk@cCRRLGLASlY 208 AR a34iRBle, A mir@aﬁl & &n¥rol hdGsaPOVR! can
be received from another power/data conbi ner unit 'The power supply 3184

f unct i onsANGWIchP#eta prase ther (ryonekdBINGdes 1o prerap et atbrempot redusehpawst/ dat a
conmbi ner it 3180 itself and the total energy needed by the 88 - ? .~ ~
~~ 2003 renotely powered network devices connected downstream of the unit
3180 The power supipisyse8d 8ihtitlse porehericddioy «wbingg froot thed Hub 206 poithe ddaketopor st

case ener i Xi equi.red by a cha nul ti pli b he nunber
of chan ncg%.meﬁ\l 2,[%87? nfg‘? IWQ%J &}“E’Wg %88%})5)50 BB‘BPS‘?T gﬁgédf ‘pEie 8 ﬁ@t %3% t%‘&ito?%“g upport
al esserpomun_tilecokﬁequwal ﬂni&ﬁﬁ:ﬁ@hl}ﬂ@xg%{i{fﬁt f&x_efmb 2060 ®thahpli tdmidra M@Oﬁnd_tﬂﬁqglgfz
power consunptiqn a nnel s e filter apd protection circuit

functi ortdeRhong aPRs ngf‘ﬁ%l’ﬁ‘iﬁgﬁtaf FURPETEDS RAVET rfOEHRY TS OR cgiRe M pass
uni nt er riPmatoanslsdFeR PIPALARES b!nl? W& inPyhichl®y DANCHHangdiént Cohkicted 3hd2
prevents the | ow i npedance outéfpu of the power supply fromattenuating the
dat a coPREMIEaN aeepsdaicg math apfetepederebrdimens phthei resenionkendiognal s on one
channel from | eaki ' . ano Iy AW e unit
S84 1. e provenrs PSR RFLEENE L AR SolBeRETTR0I YN FHRREY 10

hi gh fr @qweneyer ithgpkemandicabins eatpingd irrhdiebya santecturnfpr pepemteluppdvidisg and t o

provi de hi gh out put, i.npedance, from.th ower I or, high frequencies
Furt her e%ﬁtﬁl(? T e ndy ﬂagyf ﬁ’l {P‘grl”&ﬁﬁr&te&e ebedgjﬂ“%’rtl oﬁgu?f?é:%{hle %’%"%%?ff)gf“se

|i mi ti ngypidadlypinveiial aroaitheapdspedtioe emabs aldnarel ndtNsepaaedlylatesignated, hit abeing

pr edet er m ned {i?}l\éﬁ!ﬂ current sensi ngqtf or each wire pair, mninmm and

maxi munPRRIFFES tesmrively (LB S FROBSQI I RAYSDe emiaYednced or current | eakage

detection and t hey ¢appdtibiiirfetbre@P HrasiHoABn NN f HipS COM RRAE Hith and PR ated/ f rom
each channel. The m ni.mum and maxi pum current threshold reference |evels

may be FHKEHOBFCPRBIR MOTEEEPPPELPALS ABGIGH EPBILNIGHIQN WBliehbRhg on the

i npl ement ati on ang ;conf, i i cl. of the
circuit 3182 is t altg %Bctplrﬁ\%yﬂrtf& éilﬁgclg ntédcj:]? ﬁélﬁic agérE][g eoérm%%i er}/vigsf{ejgf%ﬁg?ly port
such t hatovistitge elegipier poweanal ptinelnhaNs nades viet a dfubeeanddommusicationt cablingr 3186)
sui t abl r.oar anmed unctio o _adm pi ster and.control the operation of

t he corr%%'ﬁ’tea%g’ & W't u|an°t Hzgloﬁév\r‘%‘?#d"é)t% Y ngn %.eﬁe?”%?fé‘ag’gn%‘of‘ osy%Fn&v rgél%f"gl enetry
f unct i oelscttio pawerens ipiraidl ANmpderevientutemid ¢ommindcationtcablidgasonheutiag itieertgibt o
conmuni cate. wi th nagepent yni t. connected either locglly or renotely via
Che net Ao el GRS g 1 LB 46 ol e o FUSEHFDR 1074 GHE TORIK bai ng
di stri biscRding RReh s ARI mafdeBREnt udR Gp@Fe 10NTbWEE eREMCAUSWRPR fokflg such
as reporting on the power consumed by each channel, any channel failures
and any2Fan¢tHOESNdRs aveR comBupisHEM cARitte conbi ner unit itself. In the

i nt egrated enbodi ) - iner, e i i |
integrated into é%&élg&?ﬁ%ﬁ%ﬁ{ﬁﬂﬁﬁgﬁ%ﬁil& tay('Jts tntlgyﬂg{/umb?]g!) dtg.é'sgf'u’ﬁ 10,
100 or pro®deBelserical Thewernbeerndie powawmnsanpl \cabling hed haibpevsermedliply eutdt o
support_the increased | .of t nar mal atjon and the renpte power
F obdt ng™PURerieD EBRE 200 18 o B8 PR of Mok TP B BBl s 28Rer SN e P
port anzi3zhehichiseiphiad operatiy Kkbwag difoe bhikuy wer e varbus DABO&Hdes @ty thehe 89
2, U"~~ 2..003 filtering and protection ci rcuit[y,~s added to couple the
line i nTEMPYHEAtop FRbling ay wWel at f BOBHIRANAESR ¢ toRER! it $13d st andard LAN pons
is replaced w th e cofRiunRE i SIALAIIR SshnPQYE L ARQEWitdiD B34i dTtRaVAkiBRaIBBOdI ment
serves to reduce overall system cost, reduce the space required and reduces
t he conpll8xp g fompinehtl 3hdr ReY . SUPP!Y @B S12paggieniesubpysigay 8130 srsionnecit then of a
conventional hub or switch. In either the external or integrated

enbodi nents, the data being receivedshy the power/data conbiner is
bidirectional transferred fromeach channel input to its correspondi ng
channel output. The power is injected into each channel output port. The
anount of output power allotted to each output channel can be set

i ndependently. In addition, each output channel is self protected agai nst
short circuit and overload conditions. Further, in connection with the
external power/data conbi ner enbodi nment, two additional LAN ports can
optionally be provided. An input LAN port and an out put LAN port can be
provi ded whereby during normal operation, the two ports are bridged
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- 2 .J!'1"~ 2003 The power/data splitter, generally referenced 3200,
conprises line interface circuitry 3202, filtering and protection-c@r&uiita093
3206, a power converter 3208 and a controller 3204 The splitter 320C is
normal Iy connected between the LAN wall outlet receptacle, for exanple, and
t he net weikin&ayith@ varfddlalA0R84dsY The Bempi@wer 1dadRApaPleldtrRhl BRA08 dBeks hi gh
frequency signals from passing through to the power output b{ﬂ%resenti ng a
hi gh i nPRUEREEPlY o IRF g rier Bg semeiuasatic celige e et fleashseme v dd perteer

si gnal spideRfmal 44 4aRuARL AL aokSL AANANEI 084 Qhsstheioh HRAUSRG Yer B ge from
the power converter i1nput to the data channel. The line interface circuitry
3202 cofpstprredly avithetaingrfgenpower i nput port 3210 and a data communi cati ons

only out put port tr ] i A t port
3218, “The | i he | i SFFALERE Wl o BELREARIMBLIrG BEUEredthEu RO, P,
channel pranded iopowessupplghang asmagérhdre rsitbaystem pSOnpdwarndimspeméred control

bidirecti.o tr.ansport of the data comrunicat.ion. signa ormthe.data plus
power A3t ERE s SedhioriaAhRP Y HPRIE for st 21 3h8 e g and
pr ot ectLAN rmodes iatthy cSRRGniREDE deSlidg0VWWhegsvef imMahggdnitgt Betvmen unhe21dat a pl us
power inpfut Bort 3210 to the input of the power converter 3208. The power
conver t EFfersblygeomupiapicates; With ¢ gnanagrimesy (rRkYE@ni414m PISETDM VR hidT CBAd
functi oyyaN 0 convert it to one or nore output voltages. The power converter
3208 may conprise an AC/DC or a DC/DC vol tage converter depending on the
vol tage extr act edVanagamenhworkatie akifels opgabvey pralerablyrnpden the certrol 196 andapt ed
to gen . . by e

roqui Ty o P o L BAET rhheRafah PRl Lo LN ISR ik et o,
3200. Tha eombnageient 3ROkbtatisnii 2140 ynayr ggveanmidd, oparaiadni @fismubipdedrpowest er and
control_the operation of c onents within the paower/data s ter 3200
Snd. t o RS EieaBl s U RO A S ok P Pheriontit AR e Aieh, “The
Icont ”)l | er funct '[tf)iEISeanthﬁtOﬂﬁiHuh aﬁqﬁﬁhEasMﬁ Eabaingmﬁgetmlam]gb prod toC@lmé@ll&&g ei t her
ocally or re e vi.a the network. QO her optional functjions jnclude

st at us PEBYFt m} §%‘éﬁ“‘&smﬁ‘§w&rﬂ_lﬁgﬂ‘\5‘na{wt?§ LIS BAY PBiF WchrkiRinnel |
any chajpaet, whilk kHé'@mnnitaBélcabBhd HbAThOhINY 1001H eheRVRAMEAL A 19R0H LAY
itself. In the integrated enbodinent, the power/data sputter functionality
i s i nt dgPRRPRIZ] Ht eardeschatly dite irerh aperananBwer e ithe comugicatiqrpcagfing Ajqm

t el epNARe huP QT HRR BhePbertt SKOORAFRUIPHIE data TR BRY WBEK ndlBVAGSpdsS thRHLA 1 €d tO
receive the conbi ned power/data signal. The standard LAN po?t and power
port arsebsysenaZdae, ini a lypicaliy didhh ettanismenp censtrpeso ang operative fin aecordanes f ace
circuit, s i : LNp. rt and the internal network data
and powéirhsdlﬂrﬁg%xgﬁ ?'g?ggd?%%ﬁﬁhgﬁ%sfﬂéw Pﬁ?‘é‘ri ng and protection circuitry is
added to coupl e Intee lllusteatédénehotimeent of Figul 1A \eatloof the LpaNvwesdes 2pp2 vy 2T20 S

i ntegrated enbodi ment. serv t.g reduce overall .system cost,, reduce 91
e S R BN e et PReRE St oG SRITRgT G “EHCHTE i et FOTR B r s
howev efelectriedli fowiea tch@dledto e CORMRMIdaNNR LaBlIREWIRK ed@Mial Segatar¥@Ussbchted
inefficient in terns of conplexity and cost to construct a power delivery

and di 2{PiBREFHE HdendliR ad AindrAgleipnated B FesnettiverRIspue numpeHotid2 -

Si mul 1 aNEOYRLY sEANSHIRSr hd1S: Cothiniga3h! Q6ELHpOUIRUpRAWLEath Bnd PEivES ON,
such a power network would |ikely create powe? bottlpenecks' over the data
net wor lRURKHE. oe lagpreoated thansome or afl efpdicinaidescabl ngl12hanayi altemstivelyabedar d f or
conmon j QN ther, .t equi img uch a
power tht%\%lri Eﬁ%ﬁeﬁéﬁgfarggéeﬁmg %%(tc%%‘cf ?ﬁ%‘%ﬁgi‘eﬁg?&gn@qﬁoml}%& t?ei cations
of st apdaiddd mathwarekiahgepagiorpnent cabi nets which are designed to hold

stackabl e hubs, swi tches, routers.and vari t S O t wor kK managenent
units, resulti ngl% iSPRrefiated (hat in B‘fdété%tr‘?ﬁgﬁ!(?‘y g%ﬁ%gﬁgﬁﬁpgna%vgr ‘ore, the
pover  @wednt imddhtfonss 8RN fwithhay RS StiktablWIRS ki d¥PTor WhkhhpleCwirblesEAN
construction of the power network) the statistical patterns that indicate

the expEEISRPIHSWETEraensk Jightingopystrat ielsgentsy Pssing loudspsakesto Ok Top SAEE™SNn and
duri ngafar) s&@REHs 9GS bnPPSn&drt Acdst chitRol AR Uagkbp BoriMithdi AGWBAVEEMERS! Ure The
managenment unit 3164 (Figure 26A) conprises software that may execute on
any PC or server connected to the network. The managenment unit functions to
comuni cate telemetry and control iAPormation to the power over LAN
conponents, e.g., power/data conmbiners and splitters, distributed

t hr oughout the network. The data communi cations network itself transports
the data nessages between the power over LAN enabl ed devices and the
managenent unit. The nmanagenent unit provides nonitoring and provisioning
functions The provisioning function all ocates the avail abl e power

resources, in an anal ogous nmanner to network data traffic bei ng nanaged,
and serves to configure the power path across the network fromsource to

. - e o . N T o " o _ .



? ,1 =3 N 2003 In the event of a building power failure, certain n V\ﬁ}at 003
devi ces and nodes, e.g,, hubs, routers, bridges, switches, etc., n:{/" e 3
to be bypassed in order to maintain data and power continuity between
critical network nodes, termi nals and devices. The electrical power that is
suppl i ed Wwgh esshybsf ewitghepe andARbw ranmenitetioddd mamprydstkupaseits fre PEaf4ndci ent
to operat\gorgc]tlgﬁcm%j ority of network devices This LAN channel, however,

pr obabl y wou not be suff cient to sinultaneously operate a nornmal network
hub/ swi tch and al | Iofthd tisscaahecb@imaetofidng @y iacaesvdnnoatddiubi2dA) dodd\hot
devices are .it%/pi cal.‘lf% usel ess ur}ll ess tha% recei gf botg gower and gata
communi cdPPURE SFCHER: BRRE PYoTe NeTRRMBYIEFHIRY SPOINN L sf R YRR hrailent

i nvent i omndndgerhdrm@REbJyoreil IBDAS Mochide eklemalipbf @leCl 50 el inplow&ra poiderd@pgly
conmmuni cations . in the event of a failure. The LAN node unjts, i.e., hubs,
Swi t ches 2187 HiChAPRER ABFRIeRTs Ene{GF RSP P ¢ YRERM S R 4 g
nmode  dur icBgnRiicafbMeatliaRas whlhd A1 &fer\RRgdnGe W Estlofudit @31 educed power
operating node, it will either reduce its data handling bandw dth andl or
processi ng acti ~i t iTe camaurisaypnoisbiingcanagetpa AN awiteh/ 21 84 comentigpaldub ¢ s

remai nin Sl ‘ ] r I , a
battery BAR2H Tpile 2R A EAEE dobel W) tnd MR SRS A s S |

el enent s chbarecsxhe oatebinpretoi thd garohis LiAlenodes. Thel poviee sayply acérédced 18y ppeidons
skilled in the art that the present inyention is not.limted. by what has
been par te[)s&ﬁllcglr PIVLHEMA ¢ ?1BO‘Q%TS%#PP’E{(;%&%eaﬂ‘%}}gnﬁ’ﬁc,‘i?g’_m%‘?ﬂg? Cgtﬂ@gsté’oﬁge‘i?f t he
present isenieE itk LIAN ho@es BiidebtichaBit abmaiisicattdns BOmCOANI $aich 02I840pass
various features described herei nabove as well as nodifications and

vari at i of§OYHEPRBPVEIHUERY WtAase S EUrU RS PR  WHEBOWIRIPTEESEn the art and
which are not in theadbidahcedkith a PPeferred Embodiment ofahd BRzerdtlidVeMionl -théeliocal
area network conprising: a plurality of |ocal area network nodes; a LAN
switch; arqyisigdrin popist yupnlihayd manjeement wbfrsiam 2a8P daveapknaggmewndeeantieh sai d

Pl ur al !t b AORGRA ARt Uohds MehobaP sANEK 15 UPBL e AUABYRS B8 fuRbus

provi di ng data conmmuni cati on, e power su eminc I'ng a power
managenehANanoldes ot thel canmdnicanioss pabhiggt Tiee pompqrl mamdzepemed dootralt unied$d3 sone
of the plural,ity of |ocal area network nodes.vi e ni.cati cabl i ng,
wher o1 n Bty YeBmuiniafts Bt pariaimes: Bteaist 8130 hrlfERy Mo a5y

| east onwAN. the | ocal area network nodes via the communication cabling
over wire pairs within the cabling not used for data, co i cation,.said
power supply subsy¥fBAREBEMHYO" ff%‘l‘%:’r@é '3 OPEBIYBH %re%é%“rq%g‘et‘??étmpdan
comuNi Caddr@br, €AEdJeROthS WREhAGH dfaohkér Wahdbemend HtRhfrSlNinR 198 1R ishppreciated
comuni cation and including current limting circuitry controlling current
del i ver ethal rft dNANAgeRANMIATKEELQL 2 188 bMEY g2OVRRe1tBe roPSERtian penvaRuliRlfageYet and

control pgj ein%nt%%?ﬁt%dl‘ﬁﬁié?lsb%g 393%1%8% bifed era?i@ﬁf)?ﬁqmpte%uwgb@gg.iot s

i ntended to transm ower over t nication ca ng rn order
det er mi ne whet her It heserodbitshe hemmonieationt dabing filoowthethub2 5@ deithee desdstar  over

t he comunicati cabl.ing. 2..A wor, k accor%i} to.cla'm%vx/nrein sai d
cur rnt PITRAS g 021 FEaiTbeymicting 2158 10 oI QU Bdier P Late ARLTHRL T
| evel whp@lier] whierhie tofimarieaR, cabiity fPors ERME 2050 teihe hlb Barherh eV amhLAN i s
not exceeded for nore than a predeterm ned period of tine., )
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 illustrated 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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3. A network according to claim2 wherein the interrogation of at |east one
node includes neasuring the voltage across the comunication cabl Fng Ui 2003
connected 94 2 ~ ~ |;~ Z003 to a node which is being interrogated and
det er mi ni ng whet her the measur ed voltage is within a predefined range. 4. A
net wor kreapesoreinndest i 62l ak rﬁoaarWdexigiamedabmoﬁSeeCfim refgTech rmh@melal%r—@d%ol t age
s withip,th edet er m ned rang over A
netmrktgcélcsgrgla%l neftor hflsa?ﬁrﬁlnﬂﬁ 10” Ca{m{é" ﬁﬁpgﬁgé a{ay\ﬁc?lat o?nda%o“ier P&%ne node
|ncIudehxﬂgﬂsummagﬂmhaxmméﬁa@ﬁwmcmm&s°ﬂﬁb cbmmumnﬂahmﬁﬂﬂﬁabbkﬂ@eﬁanhected

Vol age BRER RS 5F GIBLEH TOREC AL LB TE0o6 0 el AP dcPHIHG T ol ai m

5 V\hereé,@eraalr@dgect&g whi ch the nmeasured vol tage exceeds sal d predeterm ned
threshold is marked as an external volta e fed nod net wor k accor di ng
to claim1 whereilfis #Preciatesd hagaraddiiop o IrAeIéglpd%rﬁésqﬁ@e%hﬁrﬁ@PWést e

measur i ﬁfasbhhﬁwmt&nqg%sa@r Wik aﬁﬁ@th@PMB‘l'e%%Hés%c}P%b'fdrr!ﬂarﬁﬁ?l@n@ﬁ&l@ﬂ rtAva node
whi ch eing I nterrogated and determ ni ng whet héer the neasured voltage is

Wi t hin ae;cmsemts n@dergarmgehg}@ngAyﬁemmﬁi@mera@c@g@griguctseeackprm PCTMBEneEsn a node
for whight &%s&?%r %ﬂg‘v’ 9&@8‘& aéc%sts"ﬂoh{gbl%ﬁﬂelaﬁrg‘é? ”r?e A Wndngs, TR ked
node. . net wor

as a Power over accor wherein’the
i nt er r agalh i @nhwifs, atvilchass ind neutarsdendninctsustels neeasy rbmrkgptvlnetsvﬁ:lrt}a@se aatr 0SS

t he conmunication cabling connected
waorkstations.

Reference is now made to Fig. 12A, which is a simplified block diagram
illustration of a hub, such as hub 2010, useful in the embodiment of Fig 10A. Hub 2010
preferably comprises a conventional, commercially available, LAN switch, such as LAN
switch 2034 (Fig. 10A), which functions as a data communication switch/repeater and is
coupled to a coupler and filter unit 2037 which includes couplers 220 and filters 222 as shown
in Fig. 3A and forms part of combiner 2036 (Fig. 10A).

The coupler and filter unit 2037 is connected to a plurality of smart power
allocation and reporting circuits (SPEARs) 2224. Each SPEAR 2224 is connected to power
supply 2032 (Fig. 10A) for receiving electrical power therefrom. It is appreciated that power
supply 2032 may be physically located externally 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 management & control subsystem 2038
preferably communicates with management work station 2040 (Fig. 10A) in order to enable
operator control and monitoring 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

illustration of a hub, such as hub 2060, useful in the embodiment of Fig 10B Hub 2060
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to a node which is being interrogated and determ ni ng whet her the gfasph( ed
vol tage exceeds a predeterm ned threshold. 95 2 .1 ar~ ~oo~ natiadid
according to claim9 wherein a node for which the neasured vol tage exceeds

said predeterm ned threshold is marked as. an external voltage fed node. 11.
A net wor kP'8CEESHUCAGPTIEFSCcE aptrentionah ecqiypyFialy @xaikdlandrAdN a6 SRfr sk a

reporti ngwfildRciosanadd t i p%%l Mﬁcms%taouamaeommrémeﬁ bt RdpBattOadd 8
status of at |east one of th uralltél of nodes. 12. A network according to
t

claimi1l qmélﬁétma§1érreﬂuméwr7twhml¢ma@§5 ¢re ga? as glowatin|Feg $B andeforms part of
characte S fromanong the plurality of nodes. 13. A
net wor k adc??oe %Jpg)gy @Eer %gl %362%?%/\/{]6!’& n said at | east one characteristic
conpri ses an i ndi cathedriteofunp Q0T iscamsemyt ioonplofaligt of sast power #spdaidnraph

azﬁ”% tAEe &!n‘i’{hgagy%é?(f&@g%%ﬁf 3%546 Bl BEAR AR S bied B p e CiphS fg2 - AA
LA AYL Y. (R MBI révelidy Abanéw Bwélf erehYmAl Ephediab@ibpohl: AR 658La@ A

AA@I yA@ AN. A@ A F AL Af
_A?. AS. Agre&yAlw*nElca teAfEétema '%A@hﬂ%@y Rpwensugaly 2082 xpaybe pigvidgd  af |

IANEhA Q{\J}Mﬁi oMfﬁlu@ BhckR Alilitf\&lcifSs £ty DnMdetibn.- AQ AU. AF, S5L>#. k2LQc; Xm
wr mhc” c a
a] ca] ca] ca] ca] ca] cBpwal aednegdnesa} k] M}F@b}léé]wpcéﬁlga]l@é} crivfesad]yx ajcdudeg a] ca]

(C:B%]r ﬁla-lé ﬁ?#?g%ﬁ% %5]2:’:’2 QIhrT’( fe +i Té%?g'g?gé? ? H)]9‘Ji b?céﬁ%@i‘? (ﬁjaﬁ caf caj ca

] ca] ca] caP¥&jaongroaly B2 ahd edrom] niadton] wabily U284, witieh QBR3BY Uydudes agidesthi hhi »

| ol Oh At R S eR{ T CAroR] 4 oA 2oyt A Pre%ﬁ?ﬂixi%hfrahaech RIGUSRTT W
operation of all of the filters and SPEARSs in power supply interface 2086 as well as to control
the operation of the power supply 2082. Power management & control unit 2088 preferably
communicates with management work station 2090 (Fig. 10B) in order to enable operator
control and monitoring of the power allocated to the various LAN nodes in various
operational modes of the system.

Reference is now made to Fig. 13A, which is a simplified block diagram
illustration of a hub and a power supply and management subsystem 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 recetving 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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circuitry which is not required for reduced functionality operation, here termed "non-essential
circuitry" and designated by reference numeral 2402, For example, if the node comprises an
IP telephone, the essential circuitry 2400 includes that circuitry enabling a user to speak and
hear over the telephone, while the non-essential circuitry 2402 provides ancillary functions,
such as automatic redial, telephone directory and speakerphone functionality.

The circuitry 2400 and 2402 which is typically part of the node is indicated by
reference numeral 2404, Other circuitry, which may or may not be incorporated within the
node will now be described. A power supply 2406, 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 2406 supplies electrical power separately to the essential circuitry 2400 and
via a switch 2410 to the non-essential circuitry 2402. Switch 2410 may also receive and
control the transfer of electrical power from a power supply 2412 which is connected to mains
power.

Switch 2410 receives a 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 a 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 management & control unit 2088 via the
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The functionality of controller 2414 may be summarized as follows: When the
controller 2414 receives a control input from power supply 2412 indicating that mains power
is available, it operates switch 2410 such that power is supplied to both essential circuitry
2400 and non-essential circuitry 2402.

When mains power is not available via power supply 2412, but sensor 2416
indicates that sufficient power is available via the communications cabling, controller 2414
operates switch 2410 such that power is supplied to both essential circuitry 2400 and
non-essential circuitry 2402

When, however, mains power is not available via power supply 2412 and
sensor 2416 indicates that sufficient power is not available, controller operates switch 2410
such that adequate power is supplied with highest priority to the essential circuitry 2400. If
additional power beyond that required by essential circuitry 2400 is also available, it may be
supplied to the non-essential circuitry 2402 via switch 2410,

Alternatively, the operation of switch 2410 by the controller 2414 may not be
determined solely or at all by the power available, 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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Sensor 2446 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 2446.
Additionally or alternatively, it may sense a 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 management & control unit 2088 via the
power supply interface 2086 (Fig. 10B) or from similar circuitry in the embodiment of Fig.
11B.

The functionality of controller 2444 may be summarized as follows: In the
absence of an indication to the contrary from the monitoring circuitry 2448 or from sensor
2446, the controller operates switch 2438 so that circuitry 2440 does not operate. When a
suitable input is received either from the monitoring circuitry 2448 or from sensor 2446,
indicating a need for op'eration of circuitry 2440, the controller 2444 operates switch 2438 to
cause operation of circuitry 2444

Reference is now made to Fig 15 The circuitry seen in 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
circuitry which is not required 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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node will now be described

A power supply 2506, 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 connector 558 shown in Fig 7B The power supply 2506 supplies
electrical power separately via a switch 2508 to the essential circuitry 2500 and via a switch
2510 to the non-essential circuitry 2502 Switches 2508 and 2510 may also receive and
control the transfer of electrical power from a power supply 2512 which is connected to mains
power.

Switches 2508 and 2510 each receive a control input from a controller 2514
which is typically a conventional microcontroller providing a binary output. Controller 2514
receives a control input from a sensor 2516 Preferably controller 2514 also receives a control
input from power supply 2512,

Sensor 2516 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 2506.
Additionally or alternatively, it may sense a 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 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) ar 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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When mains power is not available via power supply 2512, but sensor 2516
indicates that sufficient power is available via the communications cabling, controller 2514
operates switches 2508 and 2510 such that power is supplied to both essential circuitry 2500
and non-essential circuitry 2502.

When, however, mains power is not available via power supply 2512 and
sensor 2516 indicates that sufficient power is not available, controller operates switch 2508
such that adequate power is supplied with highest priority to the essential circuitry 2500. If
additional power beyond that required by essential circuitry 2500 is also available, it may be
supplied to the non-essential circuitry 2502 via switch 2510.

Alternatively, the operation of switch 2510 by the controller 2514 may not be
determined solely or at all by the power available, but rather solely by control signals sensed
by sensor 2516, wholly or partially independently of the available power.

In the absence of an indication to the contrary from the monitoring circuitry
2540 or from sensor 2516, the controller operates switch 2508 so that circuitry 2500 does not
operate. When a suitable input is received either from the monitoring circuitry 2540 or from
sensor 2516, indicating a need for operation of circuitry 2500, the controller 2514 operates
switch 2508 to cause operation of circuitry 2500

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 cabling.

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
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138 (Fig

11B) may operate in either an involuntary power management mode or a voluntary power

management mode. Normally the mode of operation is selected at the time that the LAN is

configured, however, it is possible for mode selection to take place thereafter.

In an involuntary power management mode of operation, if the power

management & control unit senses a situation of insufficient power availability for power

transmission over the communications cabling to the LAN nodes, it supplies a

reduced

amount of power to at least some of the LAN nodes and may also provide control messages or

other control inputs to the LAN nodes to cause them to operate in a reduced power m
voluntary power management mode of operation, reduced power availability is man
management at certain times of reduced activity, such as nights and weekends, in

save energy costs.
In one embodiment of a voluntary power management mode of o

ode. In a
dated by

order to

peration,

management determines which nodes receive what level of power at what time. This is a

non-dynamic, not 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 o

peration,

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

present invention

with the

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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@Y10% (I)A),GNSO (Fig 11B) preferably includes automatically actuated test procedures which
ensure proper operation of the elements of the hub 2010 (Fig. 10A), 2060 (Fig 10B) or
subsystem 2130 (Fig 11A), 2180 (Fig 11B) communication with management work station
2040 (Fig. 10A), 2090 (Fig 10B), 2140 (Fig 11A) or 2190 (Fig 11B) if present to determine
desired operational parameters of the hub or subsystem for each node and setting up an
internal data base including desired operational parameters for each node. During normal
operation of the system, the various operational parameters for each node may be modified by
an operator employing the management work station 2040 (Fig 10A), 2090 (Fig. 10B), 2140
(Fig. 11A), 2190 (Fig. 11B).

The interrogation is described hereinbelow in greater detail with reference to
Figs. 18A and 18B.

If the node being interrogated is determined to have power-over-LAN type
characteristics and is classified in the internal data base as a node to which it is intended to
transmit power over the communications cabling, the SPEAR parameters are set based on the
contents of the internal data base and power is transmitted to the node via the communications
cabling. Where appropriate, suitable signaling messages are sent to the remote node and the
status of the line connected to the node is reported to the management work station 2040,

The foregoing procedure is then repeated sequentially for each line of the hub
2110 or subsystem 2130, to which it is intended to transmit power over the communications
cabling.

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 IO is set to a predetermined

programmable value [L1 SPEAR switch 408 (Fig 5) is turned ON.
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at three predetermined programmable times T1, T2 and T3 Times T1, T2 and T3 are typically
determined by a time constant determined by the inductance of typical NIC transformers and
the maximum roundtrip DC resistance of a maximum allowed length of communications
cabling between the hub or subsystem and a node. Typically, T1, T2 and T3 are equal to 1, 2
and 10 times the above time constant.

Typical values for T1, T2 and T3 are 4 msec, 8 msec and 40 msec,
respectively.
Based on these measurements the status of the node and the line to which it is
connected are determined A typical set of determinations is set forth hereinbelow:
NOLOAD  WHEN Vout > V2 AND THE ABSOLUTE VALUE OF IO <12,
FOR ALL T1, T2, T3
SHORT CIRCUIT WHEN Vout < V3 AND THE ABSOLUTE VALUE OF 10 >
I3, FOR ALL T1, T2, T3
NICLOAD WHEN VoutT3 < V4 AND
THE ABSOLUTE VALUE OF IOT1<IOT2<IOT3
POL LOAD WHEN VoutT1>V5 AND VoutT2>V5 AND VoutT3>V5
AND THE ABSOLUTE VALUE OF IOT1>IS OR
THE ABSOLUTE VALUE OF 10T2>I5 OR
THE ABSOLUTE VALUE OF I0T3>I5.
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
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 1s 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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V4 is a predetermined programmable value which is preferably 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 and when a resistance is connected between +Vout and -Vout at
the output of said power supply distributor for the line;

V35 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;

I2 is a predetermined programmable value which is arrived at by measuring the
maximum peak value of the current IO 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;

I3 is a predetermined programmable value which is arrived at by measuring the
minimum value of the current IO 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 IO 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;

IOT1 is IO measured at time T,

IOT2 is IO measured at time T2, and
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invention Most or all of the functionalities described hereinbelow employ a basic monitoring
and managing technique which 1s now described.

In accordance with a preferred embodiment of the present invention, the
functionality for monitoring and managing power consumption during normal operation
includes sensing current on all lines This is preferably carried out in a generally cyclic
manner. The sensed current is compared with programmably predetermined reference values
for each line. Alternatively or additionally, voltage may be sensed and employed for this
purpose. On the basis of this comparison, each node is classified as being over-current,
under-current or normal. The over-current classification may have programmably adjustable
thresholds, such as high over-current, and regular over-current. The normal classification may
have sub-classifications, such as active mode, sleep mode, and low-power mode.

The system is operative to control the operation of nodes classified as being
over-current in the following manner. If the 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. In any event, current supplied to a node is not permitted to exceed the
high over-current threshold. In accordance with a preferred embodiment of the present
invention, various intermediate thresholds may be defined between the regular over-current
threshold and the high over-current threshold and the aforesaid predetermined time to cut-off
is determined as a function of which of such intermediate thresholds is exceeded.

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 lines is monitored. This monitoring may take place in a
centralized manner or altematively 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

reference value On the basis of this comparison, the entire power supply and management
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The system is operative to control the operation of hubs or power supply and
management subsystems classified as being over-current in the following manner. If the
overall current exceeds a regular overall over-current threshold for at least a predetermined
time, power to at least some nodes is either reduced or cut off after the predetermined time. In
any event, the overall current is not permitted to exceed the high overall over-current
threshold In accordance with a preferred embodiment of the present invention, various
intermediate thresholds may be defined between the regular overall over-current threshold and
the high overall over-current threshold and the aforesaid predetermined time to cut-off is
determined as a function of which of such intermediate thresholds is exceeded.

Additionally in parallel to the functionality described hereinabove, the system
1s operative to report either continuously or intermittently, the current level classification of
each node and of the entire hub or power supply and management subsystem to an external
monitoring system.

Further in parallel to the functionality described hereinabove, the system is
operative to notify nodes of the impending change in the current supply thereto.

Reference is now made to Figs 19A, 19B, 19C and 19D, which 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

Fig 19A illustrates a basic technique useful for full or no functionality
operation in involuntary power management in accordance with a preferred embodiment of
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.

If TPC/TPA is less than typically O 8, additional nodes are supplied full power
one-by-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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from power and the higher priority node is connected to power

Fig 19B illustrates a technique useful for full or no funcuionality operation
with emergency override in involuntary power management in accordance with a preferred
embodiment of the present invention The technique of Fig 19B can be used in the
environment of the functionality of Fig 19A.

As seen in Fig 19B, the system senses an emergency need for power at a given
node In such a case, the given node is assigned the highest priority and the functionality of
Fig. 19A 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. 19A operates accordingly.

Fig. 19C illustrates a technique useful for full or no functionality operation
having queue-controlled priority in involuntary power management in accordance with a
preferred embodiment of the present invention. As seen in Fig. 19C, 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.

If TPC/TPA 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/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, that node is
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
supplying 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 basts 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 1s equal to or greater than typically 0.8 but less than or equal to
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typically 0 95, an inquiry s made as to whether a new node requires power If so, and a node

having a lower priority, 1n the sense that it has been receiving power for a longer time, which
is above a predetermined minimum time, is currently receiving power, the lower priority node
is disconnected from power and the higher priority node is connected to power

It is appreciated that normally it is desirable that the node be informed in
advance in a change in the power to be supplied thereto This may be accomplished by
signalling along the communications cabling in a usual data transmission mode or in any
other suitable mode.

Reference is now made to Figs. 20A, 20B, 20C and 20D, which 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.

Fig. 20A illustrates a basic technique useful for full or reduced functionality
operation in involuntary power management in accordance with a preferred embodiment of
the present invention. As seen in Fig, 20A, 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.

If TPC/TPA is less than typically 0.8, additional nodes are supplied full power
one-by-one on a prioritized basis 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 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 5o, 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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operation having queue-controlled priority in involuntary power management in accordance
with a preferred embodiment of the present invention As seen in Fig 20C, 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.

If TPC/TPA is less than typically 0 8, additional nodes are supplied power or
nodes are supplied additional power one-by-one on a queue-controlled, prioritized basis,
typically on a first come, first served basis 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 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, that node is added to the bottom of the queue.

Fig. 20D illustrates a technique useful for full or reduced 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. 20D, 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.

If TPC/TPA is less than typically 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 is equal to or greater than typically O 8 but less than or equal to
typically 0.95, an inquiry 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, 21B, 21C and 21D are generalized

flowcharts each illustrating one possible mechanism for node initiated sleep mode operation
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reduced power requirements.

Fig 21B illustrates a situation wherein a node operates in a sleep mode as the
result of lack of communication for at least a predetermined amount of time. As seen in Fig.
21B, the time duration TD2 since the last communication of the node is measured If TD2
exceeds typically a few seconds or minutes, in the absence of a user or system input
contraindicating sleep mode operation, the node then operates in a sleep mode, which
normally involves substantially reduced power requirements

Fig. 21C illustrates a situation wherein a node operates in a sleep mode in
response to clock control, such that the node is active within a periodically occurring time
slot, absent an input from the system or the user. As seen in Fig. 21C, the time slots are
defined as times TD3 while the remaining time is defined as TD4. The node determines
whether it is currently within the time slot TD3. If not, i.e. during times TD4, it operates in
the sleep mode.

Fig. 21D illustrates a situation wherein a node operates in a sleep mode as the
result of a sensed fault condition. As seen in Fig. 21D, the node periodically performs a
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 illustrates 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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that the node is active within a periodically occurring time slot, absent an input from the
system or the user. As seen in Fig. 22C, the time slots are defined as times TD3 while the
remaining time is defined as TD4. The node determines whether it is currently within the time
slot TD3. If not, i.e. during times TD4, it operates in the sleep mode. Alternatively, the hub or
power supply and management subsystem controls the node operation by governing the
power supply to the node in accordance with the aforesaid clock control.

Fig. 22D illustrates a situation wherein a node is operated in a sleep mode as
the result of a fault condition sensed by the hub or power supply and management subsystem .
As seen in Fig. 22D, the hub or power supply and management subsystem periodically
performs a test of the node. 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 is
operated normally If the node fails the test, it is operated in the sleep mode.

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 O 8, additional nodes are supplied full power
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Fig. 23B illustrates a technique useful for full or no functionality operation

with emergency override in voluntary power management in accordance with a preferred
embodiment of the present invention The technique of Fig. 23B can be used in the
environment of the functionality of Fig. 23A.

As seen in Fig. 23B, the system senses an emergency need for power at a given
node. In such a case, the given node is assigned the highest priority and the functionality of
Fig. 23A 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. 23 A operates accordingly.

In accordance with an alternative embodiment of the present invention, the
functionality of the emergency mode may be to override any voluntary power management

limitations.
Fig. 23C illustrates a technique useful for full or no functionality operation

having queue-controlled priority in voluntary power management in accordance with a
preferred embodiment of the present invention. As seen in Fig. 23C, 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. 23C 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 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, prioritized basis in voluntary power management in accordance with a
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If TPC/TPL 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/TPL is greater than typically 0.95, power to
individual nodes is disconnected one-by-one on a prioritized basts.
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, 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 power, the lower priority node

is disconnected from power and the higher priority node is connected to power.

It is appreciated that normally it is desirable that the node be informed in
advance in a change in the power to be supplied thereto. This may be accomplished by
signalling along the communications cabling in a usual data transmission mode or in any

other suitable mode.
Reference is now made to Figs. 24A, 24B, 24C and 24D, which are

generalized flowcharts each illustrating one possible mechanism for full or reduced
functionality operation in a voluntary power 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 invention. 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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Fig 24B illustrates a technique useful for full or reduced functionality
operation with emergency override in voluntary power management in accordance with a
preferred embodiment of the present invention The technique of Fig. 24B can be used in the
environment of the functionality of Fig. 24A.

As seen in Fig. 24B, 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. 24A 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. 24A
operates accordingly.

In accordance with an alternative embodiment of the present invention, the
functionality of the emergency mode may be to override any voluntary power management

limitations.
Fig. 24C illustrates a technique useful for full or reduced functionality

operation having queue-controlled priority in voluntary power management in accordance
with a preferred embodiment of the present invention. As seen in Fig. 24C, 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. 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 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,
that node is added to the bottom of the queue.

Fig. 24D illustrates a technique useful for full or additional functionality
operation on 2 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
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)
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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

additional power

In accordance with yet another preferred embodiment of the present invention,
the enhanced structured cabling system comprises a system for generating, delivering and
distributing electrical power to network elements over a data communication network
infrastructure within a building, campus or enterprise. Consolidating power distribution and
data communications over a single network serves to simplify and reduce the cost of network
element installation and to provide a means of su;;plying uninterrupted or backup electrical
power to critical network devices in the event of a power failure.

Hereinbelow is described an apparan.m and methods for generating, delivering
and managing electrical power over LAN network infrastructure that is 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 relevant standards.

Reference is now made to Figs. 26A 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 8 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

plurality of IP telephones connected to the network 3060. The power over LAN management

83



10M

10MF810%VE' () - L6F"10%V&' () - 410%v&' () -1Y"10%W. () - | QoRRTf UU\/\} [ <an%LyJ(H"h.(2@@ (
)- a"109%& ()-!'t"109& ()-"109%& ()-!fS"10%& ()- S"10%& () -
Z[[[[[[}ro\=&&10%& ()- 10 10

10‘ 910%#it §) 64, adlicH' ik0Rer{bled S noiOaaai( herhﬁ(yeiﬁ\izﬂﬂf&v(d):s administrative and power

Lf." 109&' ILf"10% f" 0/&' - 1"10% -1"109%&%
L byt aeatt Binglions i Cakhs BoBat e AN Hed BRe TS TR TR 105k () orm -

99*" 10%&' ()-m  Electrical power may be combined with the data communication signals in a

ILf" 10 BS&' h \ =&! ~f §"10%++& - If 0%&' -1 fS"109&R fS"10%
& ()- W/&r& f ygg Jd@éL 63@@550?%5%@ snaé) d%ﬁ%“(’)“edlqy(e’)lo

10910(V§.‘ar(d)ard 1SN é&%&- (4 5 SCYte '@ @) 5 49 Lad) '§ EYAMPIA 568A or a
& ()-!~ 10922& () - @,% 109&" ( 109& () 10%]J&' -1 109K é-) W YYYYYyyS
{{\ =& a(ojmg sw@w,v& Jerwo ey@e that ﬁ.lnCthﬂS to split or separate the data from the

,1((3? _193@‘?"@60 /é%%ﬁé%{) S s(%nplftl'té"ﬂieor((ﬁw%%k R hEBey %% Hd G CHBLA el 1/ M 1OV

input to the power input connector on the device,

In the preferred embodiment, a power/data combiner circuitry is implemented
as a standalone external power/data combiner unit 3168.  Alternatively, the external
power/data combiner unit 3168 is implemented together with a network element such as a hub
or switch and referred to as an integrated power/data combiner hub/switch 3072, 3090.

Similarly, in one embodiment, the power/data splitter is implemented as a
standalone external power/data splitter unit 3156 Alternatively, it is integrated into a network
device such as IP telephone 3102.

Whether or not the power/data combiner 3168 and power/data splitter 3156 are
implemented as an external standalone unit or integrated into a network device, their
functionality is similar The power/data combiner 3168 functions to superimpose a low
frequency power signal onto the high frequency, low power data communications signal The
low frequency power signal may have a frequency, for example, from DC up to conventional
power utility frequencies, i.e., 50 or 60 Hz The power/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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theif g;l)e%njh%%qjec%c(a? power(%rom the LAN infrastructure. The number and type of devices
that can be adapted 1o receive power over the LAN is limited, however, to the amount of
power the LAN cabling is able to carry in terms of safety and cost

The power over LAN system comprises systems and subsystems that can be
integrated together at any network level, i e., from the network element/device level through
the network hub and backbone switch level. The power over LAN system can be added onto
a conventional LAN installation or can be integrated into the network elements themselves,
e.g., hubs, switches, routers, bridges, switches, etc.

Some of the devices receive electrical power from the AC main receptacles
and some receive power over the LAN cabling infrastructure. The LAN bridge/router 3066
receives AC main power via electrical plug 3068. Likewise integrated power/data combiner
hub/switch 3072 and conventional LAN hub/switch 3106, 3128, receive AC main power via
electrical plugs 3074, 3108, 3130, respective}y. External power/data combiner unit 3168
receives power from UPS 3171 which, in turn, is connected to AC main power via electrical
plug 3170. Integrated power/data combiner hub/switch 3090 receives power over the LAN
cabling via cable 3088

Integrated power/data combiner hub/switch 3072 is connected to the LAN
bridge/router 3066 via a cable 3070 that carries only data. Network devices connected to the
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 carries both power and data and integrates a power/data splitter within the phone. Note
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electrical plugs 3120, 3126, respectively.

A data communications only cable 3132 connects the bridge/router 3066 to the
external power/data combiner unit 3168. A data communications only cable 3166 connects
the power/data combiner unit 3168 to a conventional LAN hub/switch 3128 that is connected
to AC power via electrical plug 3130 The power/data combiner unit 3168 is connected to a
plurality of network devices comprising a network ready video camera 3136, IP telephone
3142, 3158 and desktop computer 3150 Each network device connected to the power/data
combiner unit 3168 has a corresponding data communications only connection from the
power/data combiner unit 3168 to the hub/switch 3128. Under normal operating conditions,
the communications signals received over data cable 3132 are passed through, i.e., bridged,
transparently to data cable 3166. In the event of a power failure, however, the conventional
LAN hub/switch 3128 is bypassed and the data communication signals are routed directly to
the network devices connected to the power/data combiner unit 3168.

The network ready video camera 3136 is connected to the power/data
combiner 3168 via a cable 3138 that carries both data and power. IP telephone 3142 is
connected 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 combiner 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 cable 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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It is important to note that distributing backup electrical power, i.e., power
from an uninterruptable power source, from a few points in the network via the LAN
infrastructure is more cost effective than connecting each critical network element to its own
dedicated UPS or alternatively creating a UPS power distribution cabling system throughout
the organization in addition to the ordinary power network. In the event of a power failure,
electrical power is supplied from the UPS to those critical network elements that require it.
Which power over LAN enabled network devices are to receive power in the event of a
failure can be configured into the power/data combiner unit beforehand Configuration can be
performed locally via a management port or remotely via the management unit 3164
connected to the LAN/WAN backbone 3064

It is important to note that a benefit of the system of the present invention is
that the safety requirements and cost of network terminal equipment can be reduced since
electrical power is distributed as low voltages over the LAN infrastructure In the case of IP
telephony 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
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
pairs (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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The power/data combiner, generally referenced 3180, comprises line interface
circuitry 3181, filtering and protection circuitry 3182, a power supply 3184 and a controller
3186. The line interface circuitry 3181 comprises a plurality of input ports 3190 and output
ports 3188 and provided voltage isolation between all inputs and outputs. The input ports
3190 receive data only signals from a hub or switch The output ports 3188 output a
combined data plus power signal to connected power over LAN enabled devices, e.g.,
power/data splitters or integrated network elements.

The power/data combiner unit 3180 is connected to a conventional LAN
10/100/1000 Base T hub or switch via the data in ports 3190. Note that although eight data in
ports are shown, the power/data combiner can comprise any number of data in ports, e.g., 16,

24, 32. The conventional hub or switch and power/data combiner 3180 may or may not have
the same number of ports, but preferably they are the same. The power/data combiner unit
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 channel that carries data communications signals only, power signals
only or both data communications and power signals simultaneously = 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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BBWOE%?n‘?&a&xgnslgtgnal and prevents communications signals on one channel from leaking
into another channel via the common power supply unit 3184, i.e., prevents crosstalk. The
circuit also functions to filter the high frequency ripple and noise produced by switching
power supplies and to provide a high output impedance from the power supply for high
frequencies
Further functions of the filter and protection circuit 3182 comprise limiting the
power available to each channel in accordance with a predetermined level, current sensing for
each wire pair, minimum and maximum current threshold reference levels, unbalanced or
current leakage detection and the capability of connecting and disconnecting power to/from
each channel. The minimum ana maximum current threshold reference levels may be fixed or
controlled via a management unit depending on the implementation and configuration of the
system An important ﬁmctior{ of the circuit 3182 is that it will disconnect a shorted or
otherwise faulty port such that other operational channels are not effected.
The controller 3186, suitably programmed, functions to administer and control
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
communicate with a 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 itself.
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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power/data combiner is bidirectional transferred from each channel input to its corresponding
channel output. The power is injected into each channel output port. The amount of output
power allotted to each output channel can be set independently. In addition, each output
channel is self protected against short circuit and overload conditions.

Further, in connection with the external power/data combiner embodiment,
two additional LAN ports can optionally be provided. An input LAN port and an output LAN
port can be provided whereby during normal operation, the two ports are bridged together.
The conventional hub or switch is fed via the output LAN output port. The input LAN port is
connected to the upstream network device, e.g., hub or switch. In the event of a power
failure, the power/data combiner unit disconnects the input and output LAN ports and directs
the data communications from the input LAN port directly to one or more output channels.
Thus, both data and power continuity are provided in the event the upstream data hub or
switch is not operational

Reference is now made to Fig. 28 which illustrates a block diagram of a
power/data splitter unit for separating electrical power from the 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
separate 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
input. The power/data splitter functions to isolate the input voltage from the output voitage.
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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frequency signals from passing through to the power output by presenting a high impedance
to high frequencies, allows low frequency and DC power signals to pass through and blocks
conduction of high frequency noise from the power converter input to the data channel.

The line interface circuitry 3202 comprises a data plus power input port 3210
and a data communications only output port 3212, The extracted power is output via power
output port 3214. The line interface circuitry 3202 receives the signal from a LAN channel
and provides high pass filtering to permit undisturbed bidirectional transport of the data
communication signal form the data plus power input port 3210 to the data only output port
3212,

The filtering and protection circuitry 3206 provides low pass filtering between
the data plus power input port 3210 to the input of the power converter 3208. The power
converter 3208 accepts the voltage extracted from the LAN channel and functions to convert
it to one or more output voltages. The power converter 3208 may comprise an AC/DC or a
DC/DC voltage converter depending on the voltage extracted from the LAN channel. The
power converter can be adapted to generate any number of voltages in accordance with the
specific requirements of the network device attached to the power/data splitter 3200.

The controller 3204, suitably programmed, functions to administer and control
the operation of the components within the power/data splitter 3200 and to provide telemetry
functions to an external management entity The controller functions to communicate with a
management unit connected either locally 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
L AN 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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consumes the maximum allocated output power In addition, such a power network would
likely create power ‘bottlenecks’ over the data network and would force the use of special
cabling that is non standard for common LAN installations Further, the equipment used to
implement such a power network would most likely exceed the thermal and power
specifications of standard networking equipment cabinets which are designed to hold
stackable hubs, switches, routers and various types of network management units, resulting in
a failure to accommodate such equipment.

Therefore, the power over LAN system of the present invention may utilize in
the construction of the power network, the statistical patterns that indicate the expected power
consumption during (1) normal network operation and during (2) emergency operation in the
event of a building power failure

The management unit 3164 (Figure 26A) comprises software that may execute
on any PC or server connected to the network. The management unit functions to
communicate telemetry and control information to the power over LAN components, €.g.,
power/data combiners and splitters, distributed throughout the network. The data
communications network itself transports the data messages between the power over LAN
enabled devices and the management unit. The management unit provides 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 handling
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
LAN 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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processing activities and keep only a few ports active and shut down its remaining ports in
order to reduce its overall power consumption. Thus, a battery based UPS can be used to
support a plurality of critical network elements for extended periods of time.

It will be appreciated by persons skilled in the art that the present invention is
not limited by what has been particularly shown and described hereinabove. Rather the scope
of the present invention includes both combinations and sub-combinations of various features
described hereinabove as well as modifications and variations thereof which would occur to

persons skilled in the art and which are not in the prior art.
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CLAIMS

1. Alocal area network comprising:
a plurality of local area network nodes;
a LAN switch;
a power supply subsystem; and
communication cabling connecting said plurality of nodes to said switch via
the power supply subsystem for providing data communication,
the power supply subsysterﬁ including a power management and control unit
governing the supply of power to at least some of the plurality of local
area network nodes via the communication cabling,
wherein said power supply subsystem is operative to supply power to at least
one of the local area network nodes via the communication cabling over wire

pairs within the cabling not used for data communication,

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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to a node which is being interrogated and determining whether the measured

voltage is within a predefined range.

. A network according to claim 3 wherein a node for which the measured
voltage is within the predetermined range is marked as a Power over LAN

node.

. 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.

. 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.

. 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.

. 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.

. 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 to 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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