; HHJKLMNCe3e T, 6T Fd1l 1 ~l ~a ~~ ~3 | MPROVED STRUCTURE CABLI NG SYSTEM FI ELD
OF TIC | NVENT' | ON The present invention relates to structured cablikgs 2003
systens and mare particularly to structured tabling systens used in |ocal
area networks. BACKGROUND OF THE I NVENTI ON Structured cabling systems are
wel | known for use in institutional in&astnlcture. Such systens provi de a

standardi zed yet flexi b@rovad STRUCGURE AXBANG sYSTENNI cati ons
envi ronnment. Typically struct ure cabl ing systens enpl oy tw sted copper

pairs which are installed inggge wﬁﬁ pr edetermned criteria.
Structured cabling systens are conven i'ona enpl oyed for tel ephone, data
conmuni cati ons, as Wed |presgntf aixeralloarwh';tesseﬂcmwcén erbleg sysensopdr Grore

appl i cati ANSticufaHy 'E@R&'céﬁredtc[a‘ﬁmb sfe%%éh%%cﬁl HBldengorkdp Ethernet Local Area
Net wor ks (LANs) and Wde Area Networks {WANs) is constructed to carry and

distribute high bit rate data comuni cation signals between network

devi ces. The network de@&eﬁcmummmmm ude, far exanple, hubs,
swi t ches, bridges, roofer nt erconnecti on equi pne various .devi ces that
are equi pped W th l\é Rfl‘ﬁl’l@lgf S 8 Yﬂfcg?dpw“dgf"é NS&y e Pt H%r?ﬁt op
PCs, port dhfrsti&ereaSactosyifns \pamws sthatantizdd ?quﬂwhiéltglgtfdhﬂtforai ldytainés e

deV|ces have i N, combn annn S .S th t the

el ect ri cal “FERHRICARqPS SrgEenmeg” fﬁ%’?ﬁ@e“mﬁﬁ’g Sab?fn% aLe em‘vf ﬁ‘gxlo tlr;?gg‘%pr power
consuned lpgirs heser devinstelied wprpihncedwin!y prevetermiatd @ritegint émmalredbeabhml es or
by AC powesgstéapwe' c%qv 1859112 Pl ¢ ei Yane, gﬂghm&wcymgstweh £ gprent
devi ce that I's not 'z I nc es an 1 nternal or external
battery, rmﬁmwﬁmaqomlﬁm!aatmrce of electrical power in addition

to(one or nore net %&ngpnmm&uemag%m&a@mbcam&qnewmg dawspes to
connect to at, source of 'electrical power conplicates_installation and

makes it Ao eVide dyea Newgrie (AN s cqnstrycred; tp Sty and disHibuis g bin B %k

el enent s tRmnReRktANGa MY BvRh QGMQH@ abviReWehe GREAGK dediBe diNebntdatsammet wor k
connecti on bI e. Utipa two separate networks g}rjst be built

e _avail
and mai nt éﬁ’ﬂ\é‘{f %F’@F f Bbs hs"ﬁté R‘y-’leé OBTe HEEOTE N SR RE&i ce.
One net \I\Drdevﬁekpﬁdtldﬂse@h@eﬁ with ANetyoainterfics tardsUINIOS), daal stries, albdiep’ PGset wor k

suppl | es GonAach svzlu%i °é$e§ %—E]ogxa(rjl norkegw:““' C%a?@ﬁt nI[ %é h{gﬂg’ for

networ k d&VIEes or conp rica povver
supply i ntaermngpﬁmmmgs, if that| theyel reqamrh eleetrioa) PRWeRiR @éefmgmemé‘# tInézchicAtor por at e

an intern i of or' BdiRinaliRnGfRgBeCt ed to
an Uni nt e?irlu %@joﬁép&n@@%éﬁﬁ%%g%(ceggﬁgﬁgﬁ% ugtg}nt hoer apI[')nIal cation, such
as wth IIbymﬂcﬂmfﬁ‘mpl!mgm‘fﬁéﬁlmnber of network devices that nust
operate during builfifg fHEYeEmwoRt LittheR ddRYe h8r MEI0Y sdif Edrgized, i.e., includes

" an intemnal or external battery, requires a connection to a source of electrical power in addition

to one or more network connections, The requirement of network devices to connect to a
source of electrical power complicates installation and makes it more costly. In addition, it
limits the location of network elements to locations where electrical power connections and
data network connections are available. Ultimately, two separate networks must be built and
maintained, wherein each network is connected to the network dévice. One network supplies
electrical power distribution and the other metwork supplies connectivity to the data
communications network,

| Further, for network devices to operate during partial or complete electrical

power supply interruption or failure, each network device must either incorporate an internal
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Thus, it would be desirable to elimnate the need for each networf ﬂggiecema
that does not operate froma battery to be connected to a source of A
utility power, i.e., a standard AC electrical receptacle, in addition to a
networ k connection. This would significantly reduce the nunber of

electrical cables, AC receptacles and associated - connections thereby
simplifying ;tnpe nstallati on of network devices. In addition) this would

al so provi 48 cos RFYSER 100 @uftehenconpested i i UimieruptablerRomer Snpptyt dimsy. pover

source to nlepdnging on'the-applic@ioWOskh SLWitIC 85 or Lh\f'téedhg&?rﬁ]@%mtﬁ& oP%éth r]\out

that the da sapils] n K infrastructure was prinari si gned
and opti m zg%mt%g car!rlst(ggéuer%ﬁab é&ﬂ!‘tﬁf"’l‘”&\fa ﬁ‘ﬁ%ﬁé?ayd’&t"afy hight comrunl catl ons

signal s and was not déss, gn@dldtb@ delgtable @ elrhi@did 1ht Gedd HOMEH neth SR dbiEind02. 3
standard regilrngs | vol tages carried over the
transmittin a?bl 85%% |ﬁtsog1| ated gaglodg‘f)a(f""ecc‘?gag 3, SOHEE A M dUlfty PawEs fregfound at
bot h ends. ggof( sleetrica) regriNaciabine sdditin] tod 2 Snetranl edhikion. t MisLivaEld
interface Ofighi@a@y k i IedV|ces wi t hin

t he networklvver emrpls{)t e%ggl&g g%tggr %greléwe“ C?Ab%s’cébtccogg‘fﬁ@tfag Jstorirted ent
Level to op¥RBAcHonsiherehy mpltfxmg)fhenmaumdn af @etwoeksdevitiwe r lafadditon, iy wegld ut i on
that uses td® prdVWiiel ddsBSiek sl istribute el ectrical
power and provi d& net wor k Mgtr%%%oﬁop %?Igg%%rgug@gg 3¥lﬂb%p385frs8'ér§ef°rf8%t’ﬂfl ow ng
poi nt s: (1}“38’T'°é1& €&l power distribution over the LAN infrastructure

shoul d neither incr elaﬁembdsrennebwéﬁt ﬂh@th@&a&@&m&ﬁ‘:ﬁﬁat(o‘#?@rw@%i%‘gﬁr&g_{ [ ssible

| evel s nor _di st urabr nor, mal communi cations I n any wa rical
power on the LR ¢ desten t‘i'] eORIMHEAdd thrary  high rhandwiidthe lamypeyessddea | ity of

hatm or ri Shmonicaions sigitk 4hd twal hlse aa;gﬁgdqaagpv@r &S‘Jtﬁé&ﬂ&ﬁ);er Rl @é}fg&rj cal
power over&ﬁp e i L nf ra tr uct, ure houl d not harm or cause danmage

standard LAN equi ﬁfh F ElRcica H‘tﬁagﬁéﬁ'@q@"&r Q‘%W‘é@éi'wa‘gﬂe\hemmeémd he data
communi cat bejageceddn wcrknceaudar(mgroﬁﬁmatadédi &ddon Cafeg &) 8CHT 4 EAN &g}@ger_,yser t he

data comu n I rade the reliabilit t he

net wor K. Ssésrﬁg&nggf %F qg‘élv\?‘\?’gar“ °§ “a%ﬁ" fﬁ"rgﬁ’?dc%tt F%FrF §P%ﬁ‘P’§P"<§‘bérdeﬁt§9§er

net wor ks aPithigieawetwork wees mt desighale rcarty Electtodll owRF at SRRt 18¥ef 10§ efatd NOWN

and functi @ nfap r@um{e{vggpp%ﬁ kgl atively high frequency data signals over |ow
frequency power cabling ese systemnms, however, are designed to operate
aver power |ines thdhergfoee, ges jolutionf thatarses the duaN hﬁahﬂ&ureThesthnaaﬁlyum is

desi gned adistrib@e SleeidhieshweP af: ati:on. si Thus, the z
~ 1 ~L~ "qgis cabl es pocgnr?e(g {)oxr(lgg ﬁvr?glp @Br franicagions %ﬁoﬁd 9S8 i nal
devi ces ar@ \eac a%@tsgﬂéafeftacahamr@hsmbgmm msLeN xetrasuwureatoupmmher This is
very diff ein€reise tieOterpdHR 81t I FHOS tion
signal s over power |i.ne neetvvorl?ggEk r‘{g&ﬁﬁeg%sixtﬁ%%lv?l??( lﬁuﬁ%g”é% t5xarrp| e
prior art QAFRTERHLRIHR 2aY ivEdis @ie’tl%&ck‘ m@ﬂnhméﬁ%m&adeUaeshcardenmoupl ed.
to the AC inmedncaibyl PdsMbiIH@V‘&' hatr® of HOWR ﬁs@rs':ahcg ne @0k J&th:%%a‘i?eagl% Pé}efsﬁm K is

e a

presented Q. illustrate #‘ﬂe varj ous network ments t Iy

found in a Ktﬁ“‘ep RAF 8Yireh LAN infrasisechise Rhouldenathagm| of cause alampgretd m.d_@d

conpri ses IAN eqtipmerti wificB\RNio idéigied Lid\ YA€ KRRBE AR Re YRY Rlofifhuhfafdh
nore ot her service prOV|aers 3015

t el ephony and/.ar t

and al so t“%‘%‘é“‘ﬁm*?g* "’%F‘Bﬁﬂ &r ¢ 'St}ie‘?mweho‘te%thecmnecqnwntcen@swm@b of AC
power Vi asb‘PUé‘tthfIdGéB.'hdeﬂhejgha’.bﬂiZQoftﬂ'dm&th?kteI ephony server 3014 functions to
provi de tel ephone ralit Internet or |IP tel ephones
3052, 3036, 3028. %%g?‘f&%{ e“"@&% él‘“%?ﬂﬁg’i‘aés FEUPIER neBVariorte AN hubs
ar swi t ch&sowpingthe 3020’owbﬂnrteejaeqahmems 320l 131084, anll FHcOh & spbitffospOr t abl e
comput er 3)3e r}gl% Aélte‘g)co cﬁ% r 2030 are coupled to LAN hub/sw tch 3018
via network da onn |yons S OVEARMHRRIPY PRvErstsbing sThespaxtemsd to a
separ at e BOWM¢VeL axsfdesignad aqveperard weebcwmt lines atlat b ugy 3ffent B&n i) EANOTE: 3028,
3036, por n e kto nputer 3040 are connect ed to a
source of L%%‘ ﬁzﬁ@fﬁ%?éfeg? 'ﬁr‘i%cg tp?u0 %zpngdgﬁ comgwiicatiysignalg 4Ehus, the
respectively. The LAN hub/switch 3020 is also coupled to a separate source
of AC power via electrical plug 3026. 2A video canera 3044 (e.g., standard
video canera or Web canera), portable conputer 3048 and | P tel ephone 3052
are coupled to LAN hub/switch 3020 via network data only connections 3047.
Vi deo canera 3044, portable conputer 3048 and | P tel ephone 3052 are
connected to a source of AC power via electrical plugs 3046, 3050, 3054,
respectively. It is noted that each network device requires a separate data
communi cati ons connection and a connection to a source of electrical power.
The data networking connection is nade in the normal manner using standard
LAN cabling to conventional hubs, switches) routers) etc. Electrical power
to each netvvork deV| ce |s suppl | ed VI a a pI ural i ty of AC rral ns recept acI es.
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The present invention seeks to provide an enhanced structured cabl W”EAU[; 2003
system 3 1 1 1~UG 203 and | ocal area network enploying such a system ~ *
Network installations that utilize the present invention can be sinplified
and are | ess costly because the nunber of required power cables, power
receptacles and AC power supplies or adapters is greatly reduced. In
addition, network devices) termnals a.nd other networking, eqtg\i pﬁmgt can be
pl aced wi t heshles.reopneearss bng ingeriasy slicainy g tergyinal deviges @z op Aesignedhte handle

recept acl eshighl el ¥ELIEMiGH pbh&. PRiCHOREy diffveitt frah seefiRpddingow @ferfOleva
significant cost reduction in providing uninterruptable backup el ectri cal
power to cr3d CHMURCAHRSSIENAS OY € BV HBe T8V Hitial s in the event of a power
supply failure or inaeblbteiptdia@gnm Thistgating alluexatmplet Paorf &€ tdatahedmmlinghtiedsut i ng
backup power, i e. ower from an uninterruptabl e power ! £r a few
poi nts in t??&w‘ﬁ%t"(%rﬂ% nTTHPTE AR ARSI RIP eéig? Fhﬁcég & @%’fyd)rc’w?%};lrggkéé’?nf l&iﬁ it than
connect i ng Zadhiscaxhinple aletwoelt Woprksested reifiusttage ihe syadows ndwaric elereehti & e to a
backed up power, ld ne. i i i i LS that
ont y a 1ol oY ERi f LA RSl ieb ko, Bllaly RS 201 it b

swi t ches, rombimaton BAN andferHANobaskbopw AMEC ealed go ndBdrlerhoay s&wtiri0d4 of

uni nt er 1 Upt e PONES: ML lofhel Wit BRIAAE S0 ank o Gh Wl brigiRkuEacde Vi ces

receive thelr operating power via LAN i nfrastructure. Another benefit
of the systwrshos conmectesito aspires of AEnawsiviz eleqtricel plug 80224 Lbe 1P teleRfionY &96At s and
cost of net}ek Kk id\GbovideH PG kertRe P @ éﬂl&ﬂiﬂf 8fiinfehreE 6 I8 taéihbies 3bSZHOVEr
can now be fed fromtow vol tages delivered over the LAN i nfrastructure.
This is in ¥8&308%t to the current method of providing an internal or

external |10/ f2_20. VA@}QEX’)@(I bEEAbYed 1036 isT RAlpled Stvid AN thiiles diaiwivetiel 30E8/i ce
receive certification by one qr_mqre testing organizatiogs.such.a

Under wri t er@z?_'ab[% r tslephopes 838, %Pﬂﬂ’éwc%fs8th5r19p‘?rfgg[%e‘f°@8ﬂt851§§3md2ﬁeslﬁt§p

becom ng nojofapated 30901 e poyPlEdad  LAN Guti/slitaly 3piRvein rewenk tite chuisctppss A03ls the | P

t el eph t f i.nt t abl j . i
bnal bg-bas e B AL st rRaet e Sl BRI AUy LSy BRELOR Y
present ed Heneegihnie3oasy W36 qrortiids campuppei2and slesktnp camputersI0HO des doprrected

generati ng, | Vel and. .managi I La - LAN net wor k
infrastr ucttﬁrgg‘gm'?ehozf{fL e e‘b‘r’llgr?r‘[ﬁér’j}‘%ag&a%glsgqﬁ33%(%?&8?%%%6%‘3& uni cat i ons
purposes. The i nventTherL AN haiy/svitel 302 is alier ceupladyto possparan souge of bRATSES t o
the data co e &at | nag & ' ' QMRAhdabd VilidoYeatibrs br W8 chi&h, 802. 3
and other re e{;/%%%tglﬁgio ar g\s‘?&f’%h%%& &%re’nrgaLA\l slystcgm of rt hec r esent

ower o
i nventi on qaakie cemmiter BOK$ ghd %mﬁ@@ﬁoéﬁaﬂf& coupiadif EAN sSSP0 VIR e,
1O 1vlbps, J10QMRs onlggzggnem 301 QRe EdineRi 86443 hbabRRORpSHSTRBLanY B t O

noi se, network bandw , hear end and alien (,:rosst,alHlé. I.n 4 % &‘ﬁl 2a03
addi tion, ttelephone3Qsaareicqurented i tource of Ab pEWe ioRleRnRHRIugs 34 307B A% cabl e
| engt h i npoggetytynodern LANs, i.e., hundreds of meters versus kil ometers
in'Public Swtched Tel ephone Network {PSTN), |nt egr at ed, Servi ce. I:%'.wglist al
Network (1SDN) and HE iHiotfdthat gach nepvpyr dgvice remrey ¢ Sspampis igta Mgy

communi cat i @fnekiidiemd a Thettivieni soarce df dedutrabgowenv The daemetverrkingwernnéatiedi ng

met hods that are better suited for shorter. haul cable r.un Fur.t. t he

el ectrical HBRES mu‘g%f‘?"f“ﬁ patrephare f41 “ﬂiﬂ%‘%ﬁ%ﬂﬁ%?"d%ﬁ"ﬁ?g?‘g hugs. n%lf;g’l ow
frequency Atites) dt@Jelectridal power b eatH isework dewdcevis buppliew wa 4 plumlityl ofi A daips wi t h
data communi cati.ons.signals, The el ectrical . LV, . dat a
conmuni cat ir8"f‘?§ta?;lgsolsg’“ %ﬁg‘o@t‘ﬁrgﬁesv et"fué{#e S%Mnég)e%\(l)%[eh %ﬁéa%tﬁ%%g% \r/hgoaég rs in

t he cabl e. duttdtle ded corprumicatiana hetonsk andtesecesd 12 tipaAC sleqtdcabpaven oetwps) t o
inplenment. |If 4 pair (8 conductor) Category 3, 4 or S cable is used, than 2

pairs are not used for data comruni cations. The el ectrical power can be
transmtted using one or nor eSWIMARY QBBHE INVENTHINrs. Al ternatively, if

t he data cabl e conprq l L i el i

di stributed usingngﬁgggﬁxgagxggﬁgﬁgﬁg&gr#§§$%i%ﬁ??gfﬁﬁggﬁ?‘?ﬁgﬁﬁgﬁgﬁve and
transmt wires. Thus, in accordance with the invention, power can be
del i vered over any conbination of used3and/or unused twisted pair wires in
the data communi cation cable. There is thus provided in accordance with a
preferred enbodi nent o the present invention a |ocal area network including
a hub, a plurality of nodes, comunication cabling connecting the plurality
of nodes to the hub for providing data conmmuni cati on; 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 conmunication cabling.




Further in accordance with a preferred enbodi nent of the present iﬁvbrﬁUGarQUU?,
the communi cation cabling includes at |east part of a structured cabling
system Still further in accordance with a preferred enbodi nent of the
present invention the power supply distributor is |located within the hub.
Additionally in accordance with a preferred enbodi nent of the present
i nvention the power supply distributor is |ocated outside the hub. Mreover
i n accor danc@ed \wral rea nggwerkemploging mivddisyem. of the present invention the
power supply di stri buebork Snsl-AGRLE haP@iizb Ald Mes}émtinbéatiémganh%b%ﬂﬂ%eg%' al l'y

d th a pre erbodi

outside the hub. Still further in accordance w preferre ment of
the present ¥entsAIFHARCRIS thsemariof Fapeiar~sugsbles. daweryecsaiaeleradeyC Bayspl y

di stributor sigliél orl fasibrs SOERatY reRbd B Mddldnl YerROFER¥LA (SRlHIs CAFHARY cat i on
cabling incl ude%@back_u‘gﬁ{%omer. Additionally 1n accordance with a preferred

enbodi nent  SFVPHESSAERRAL can be placed without pegarg to theexisierss of RBthslesetioictiiffes a
dat a comunieegiactes, concentrator, the power supply distributor includes a
conbi ner, and the co ni cati en cabling connects the data comyuni cation
concentrator via the[}g}(’;%ﬁt%rﬂ dhy present, Jygationsplsq proyiden dr ArsisiiaPidESte wit h
a pref er r edredidtion inperotidiog utifterrypeabieciatiup Riseifical @BweMe chita] nddwbidedces aftht a

comuni cat i entrat or. and wherein. the power .supply. distributor js also
ocat ed v t FmERRECEHE RO Rel BEpl i e BiRiER Wi Gup b pe Bl

enbodi nent  ditribdtimg hadsip Howien) \i.en power- frdne ain whintanaptable powerdaipplyc framunfesat i on
concentr at 0f.; j . istributor js also |located
CorRn e poiftOth MOGLERH. il the RAMCInalfiBlute & il b8 it Bof SRl PR
coupl i ng powicalf rewwark retemsatater its awp| dpdicated F@S cornrum barked op msiet ling whii ch

al S0 carri eggfahidn o LREmARb AnERITN ?@SaggﬁngEﬂﬁwg%%&%{l]ggﬁkn 0 @@%&%RJ y the

data communi cat’i on concentrator conpr whi g:h unctions as a
dat a communtemBantse -85 Wikse Bvitcpie Fauiars, eisddieed tonbe ¢opnéotedzte odadivaled surcdof

preferred esppshipble Riwek ReiIPHRS Féﬂ{aiﬂdé}vgf‘weoﬁitifcﬁeneﬂb&ﬁ elicls PleeiVQ@Qf3r

i ncludes at | east one of the follow ng types of nodes: wrel ess LAN access
poi nts, emetRGEHEBPINeHKE thed-AN B¢ enent s, pagi ng | oudspeakers, CCTV

caneras) al arm sensoAgothed ARfiefie BF e HRRFOLS thedFERAE invEHiloh Ok A the  safeBPt OP
conput ers, honea(,tﬁgl%‘t{)é%eg{slwtches routers, nonitors and

I[P~ " ' tele ;
mermory bac KEBETRPLS 2adgoststaetg Prosi¢ canshe feduded sinfe elestrical PEWETance
with a prefoan newd be fed Gbinimentvoliges Hedivired 6w thel INANE Riffa@tfuciupe Thibisiimebuidas a
data communi.¢ation concent.rator the power sup i styihutor includes a
conbi ner aﬁa(&% cﬁ%\?\% et u°§p‘1f>9,’°"l“f-{‘§ %’o’ﬁﬁﬁ\é\f@awéyﬁll Bc{é(gh%ng“\gcﬂ?ﬁ’é’é f‘ﬂ’plyh'gatd ata
conmuni cat irequireothetetht matwork devize tréveive oertificution by dnb@r apECR}tiRNaddatioanbi ner
| ot udes & phiislabolrfles ERBAIG Gor)® 08 Blse SR Webonf IMRGEH Sehching ot P!

of the power
and more popular, providing power over the LAN permits the IP telephone to have a source of

( uninterruptable power just as ordinary analog based telephones connected to the PSTN enjoy
“ today.

The disclosure presented hereinbelow describes an apparatus for and methods
for generating, delivering and managing electrical power over LAN network infrastructures
that are primarily designed for digital communications purposes. The invention functions to
reduce any possible disturbances to the data communications and to maintain compatibility
with the IEEE 802.3 and other relevant standards. ‘

The power over LAN system of the present invention operates with high
bandwidth data communication networks, i.e., 10 Mbps, 100 Mbps, 1000 Mbps, which are

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

4




Further in accordance with a preferred enbodiment of the present irdvénkli®r2003
the hub includes a data conmuni cati on concentrator) the power supply

di stributor includes a conbiner and a power supply, the conmunication
cabling connects the data comruni cati on concentrator via the conbiner to

t he nodes, and the conbieer conprises a plurality of couplers and a
plurality of filters) each coupl er being connected via a filter to an

out put of t hédifpmywehe mespql iyveniGini thikes finio bévonnt algclonicktiogint @bla lgnethf impesed by

enbodi ment gf, %E%Aﬁwse%“t hun@yesﬁgé B8l Ridrldd 16981 43cEhell FEBIALRAL T O

concentrat or, stributor 1 ncludes a conbiner and a power
supply, theN@UmﬁJﬂi’Sﬂa‘Dt émegram Seryice Ghigiat Nstvone (GBI 2ad g bt Jetediisal  ~ ~

AUG U3 Coneantf a&&r fmmfc&ﬁmmammest@hézn@nn&d&s%;osamvm&n&@amaer
i ncl udes a%éralt couplers and a pluraljty of filters and a plurality
of smart po i’m&{nlf"(be%ﬁtt?‘ﬁﬁf%@“ﬁ‘éﬁéf‘tflswebli‘af“’c‘iﬁp‘ﬁ§m§ Sl aEARs), each coupl er

bei ng connected w a @rmf-the!rttﬁéeléﬂ@axapo%@m&medaﬁexquéQMNc@ﬁbé haivered\ey DSuppl y.
Mor eover in accordance with a preferred enbodl‘gfnt of the. prese i nvention
i it 2 519

the huh i ncPuls éq‘tfa‘EYaA@omﬁ?sc‘&?‘F‘bl’i‘ EIHTE &R r il ginterferg g

di stri but or cinitfkdiddEensasighaiib Thedlechital pwROddEivered PR} the dam dorhrh&nmﬁmrcabluppl y
i ncl udes a povk(rar fai|ure backup facility.. Addj tlﬁ??DP %% or. al ternattl vel y
the,.. hub FafctemmSmited ypige oF hiﬁ‘ﬂﬁecsafrf’(?ﬁ"sc‘& et M Chippl y

di stri but or relquiifds adﬁﬁs @ coadudiors}to impldment D tfWeair {1 pgidyctor) Omegooyrindrir Sedablen
cabl i ng connect dat a commun co Minrqat r to

t he nodes, Eiﬁ‘aefﬁ ezoﬁﬂfsnaéf "%“ﬁffirfsedgt o) "i"'gq t &‘L‘C%“{apﬁo‘segr%h o

pl gr ality oﬁmfsmitteénsmgeaeknrcmxploérthebebhgwmmct&h;brwmeln i‘fl the data tcgblgn
output of t k L& hd 60wRIboge et of
t he present gbanfpgér%[teﬂ;nl ‘ﬁgmﬁ %@Itﬁég}!@gn&F Sl lpg@%mpég% I on caoncentrator,
the power saaiibie phirsy ird.tbe teeiverpod Md@yutavmnﬁbmm agpradancpwith theduysplion. t ne
cormuni cat i gR.f gl d r&nwmﬁﬁ ChEhiRALR o ERBIMAIF BhusQItwaRUCRBIWiRE o thei a t he
oonbi ner to the nodes, and the conbl ner includes a plurality of couplers
and a plur a‘l‘qt%‘;ﬁ’“!?‘runf%l?wg‘eand a plurality of smart power allocation and

reporting circuits ($REARSIus BRVIded RIRICEIdaRE Wi £ &ﬁ@&%ﬁb&dxﬁe:& éfi theer and
a SPEAR to an output, of the power supply. Prefera hub i ncl I{Ldes a

data cormmunPrEsERt IBventiom e dcel sadietworkyicipdites huby & 5 ffu PP les a

conbi ner an&bmmwwcuﬁymalpmrammnmm mtfb.o;nombg aagmmmnm ahdadat a
conmuni cati on conc

to the nodes nmbi ner
i ncl udes a PNfF é‘fp?’fft %3"%‘&8?’8% t%lﬂr&“gb ﬁﬂfﬁsta |°9er5tfngfporv?rer%sna ¢ leégg &goupl er
bei ng conneaﬁtmblmhlayafﬁddeieathbooramxﬁmtxqmnabmig t he power supply. Additionally
or alternatively thegnyh ‘%8 oradec%wath%§¥ ?e&?%wdﬁélbﬂﬂeﬁgﬁﬁmfeﬁ%me the
power supply distri bu'f €s a C
conmmuni cat i mmM:a@ameM®smMSt¢mdmm@éhngcﬁmstcnmcent rator via the
copbiner Lo the nodegqy dithd e as&v%&ecmﬁog@geﬁ%& hibBlitto bf YheObres@HP! €1 S
and. - a plurality of T uralit smart power allocation and
reporting cqunumtbe(J@F“EARS’)Yd!ﬁd@mt@doﬂ;teémtb@ﬂh@ubonnect ed via a filter and
3 SPEAR L0 an out Put aBkiibfly RO UELr@HRD bty PHREGL NboliBen!db ihslaidies o
data conmuni cati on concentrator ower supply distributor includes a
combi ner . anldv@ztlﬁbﬂmpms%rpmp}ydlitmt%mm*@%ﬁ*ﬁmeb@bl ing connects the data

comuni cat i on concentfopdgir i ictorhie GRITPprRired Embcinioetafo pafi: ibeién 1 1
S —~—

_1

the power supply distributor is located partiaily within the hub and partially outside the hub.

Still further in accordance with a preferred embodiment of the present
invention the operating power supplied by said power supply distributor to at least some of
said plurality nodes via said communication cabling includes backup power.

Additionally in accordance with a preferred embodiment of the present

5



conbi ner includes a plurality of couplers and a plurality of filte sI ﬁgcg
coupl er being connected via a filter to an output of the power supi)l yA o 2003
Additi-onally or alternatively the hub includes a data conmmuni cation
concentrator, the power supply distributor includes a conbiner and a power
supply, the conmunication cabling connects the data conmmunication
concentrator via the %onbl ner to the nodes, and the conbi ner includes a
plurality of* %%‘ﬁﬂltléﬁjg’ dﬂﬂ“%?sﬁl%‘i“él"i“f“;‘/‘“’é*“oplCP@“GFfsathntbe aopérsuplly digtribdtors mar t
power al | ocatliudes arcdmbmaorzm NBe Chh@unitSioh LEABonn2ACHe Cd%'tépjzo%{m&ﬁ:}np&

connect ed v‘goqceq]trggol_glg [heand. a PEQ 1tjo an out put of the power supp

Further in accordancée V\ACPW HEIP EFEPPSd enbodi ment of the present |nvent| on

t he power supply di sfillifbabenin dcsordynes @it Nﬁrefeﬂe@éxﬂbﬂdﬂﬁén@&fefﬁéﬁr&s@ﬁllnx@ﬂgﬁr al ong
the communigatiyah. CFL@I I0g it hout, unacce% abl e degr adation of the digital

communi cation. Sti FRPMHHCAIRR SONSHEIT dRd Wb e paverSaPrbtivdet  of
t he presentlsFIPR/IthM)wﬂtlhéledlobnmm catl on cabling conprises at |east one

twisted wire palr COR node and erein vver is transmtted
over a twisted wire glﬁt?c;ngﬁ}é a\%ﬁ’ Sk Fsp"\é}h % e "thgo‘ ¢ PFSEr abl y

the hub i ndv§agrthe. b%h iadé@ﬁmm@ammmcamnccmnm@rand tvh&exﬁ@htﬁiowsmp;bly

distri butordlstrma{d,l AEE and a Wer , s
communi cat i on cabﬁfﬁé@g%ﬁ%%ﬁ@“w A%a#%%ommn%ﬁf’ sBﬁﬁ%B?ﬂ:@ﬁ?’Flﬁ%/%ré‘el a the
pover supplSmPifETeiopRling Rogver fem thaieawver supplypovibe conmpiioatiomtablifgwhich nied udes a
plurality olriés dateftsin R dam comh@bdibY cRbedgRft POVEr allocation and

reporting circuits SPEARS) each filter belng connected via a SPEAR to an
out put of the power PPl th%d&‘?t‘i%ﬁ&’ﬂl%“@mm%ﬁampmﬂaIaAMrse/ﬁtdrred .
embodi ment wbichﬁhen@fsaggasmbay@nﬁdaggh M@hﬁéﬁ%r" cation cabling conprises at

| east two tw sted V\nﬁﬂg s connected to ,. each node and wherein power is
transnmitted over a iiopaliy,jny accprdance (it & EerﬂPﬁcﬂlanﬁmemabbﬂg pieseo dat a

i s transm inveion Bregheslap b;‘/nddbﬁn&]httbs afledsti6iRof %eqatﬁzlﬁéq%@é o el %ﬁeless

concentr at tributor jncludes a power su

i nterface g ééggsosvé%% ﬁm$§°'%¥ ﬂ@g ff"cﬁ?f”&’ﬁs»c%ﬂgng’"wmi £CINe dat a

conmuni cat $amerag,o pleem tsemb or dooraertiyescptd racSdsP Rbtrol ity fiasisp {cOm digs,epdes, and

t he--power i e lurality of filters ndaplurallty
t%l%é(s lﬂﬁagt [itfed NGkkd ?1{) tog xf n%/ogy (baghuppg)its g

of smart power al Ion ah repo BACST 14t er

bei ng conn‘é‘ﬂ'i‘%ﬂ“’%a a SPEAR to an output of the power supply. Additionally
or alternatively thgyh (8¢} u‘%gﬁ ¢onmmini cat | on concentrator, the
power supply distri but glrpmllenc*l a%céj% aspr% BFSs F'ﬁ%’@r"?% ﬁ?iﬁ Besfwer 8

~ ~ a~~ ~ Invegtionsthe hub includes @émmmmmammun caztuénm@r tieneet supplyaligstuor

comuni catihcdhies QNERMideRlaBE aVhvet interface to t e .nodes, and
the power supply interface g ir)1c euggpsp%g urarﬁg'%lgmg? %ﬂ’fg?tcoﬂ’b"ﬁgr S1%8cat i on
and repor t"f“ﬁg‘ BiE3tiof qoacentspipm i Ythe e%mmﬂeSPEMR tmies;@ndmhmemlmbr tichales aut put  of
the power pixglioy ¥f coblirk) eabibtiviiech lmna@c&rawém;g, L gfosf,r €d enmbodi ment
of ‘the present inv d%bon the hub i ncl udes él\{\%ét@%%m é’§ ion
concentrator, the ? 77 18 AgspTdgnce with aipprierisd embedimers of the prosent nesntiomtbe a  power

suppl y, t heb bwhitenh ciafai @mnfAlhiidiOconORBREE Shd Prﬁvéij% fgmmmo?% k% 2
concentrag(g)réblxm_aaIB er to the naodes, I ner 1 ncludes
0

e _conbi
plurality cod (Iqérpgwﬁrnﬁ‘p&y'ptf‘ﬁf:%{?‘?“f%?“ sabling:ponnegtscthe datn lqoramumsanom smar t
power all mmtmtoraxmmeeamﬁindﬂgo Ghd ﬁbtleE Sand SREABRbinerC&miprisQUP! ﬁfral#?ye'of‘g
connect ed a{#)g n[ila el nfllgl% Eﬁ ? n out put of the power supgh and
each couplef has 4 '1%5%? fltees. pag f%”peb %@nmﬁ‘fém%ﬁlee@mwmuwt@ @ part of
t he dat a poversuppbati on concentrator and the other of which is connected)

via comuni cation .. .
Still further according to a preferred embodiment of the present invention the

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

combiner and a power supply, the communication cabling connects the data communication
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cabling, to one of the plurality of nodes. There is al so provided il AUG 2003
accordance with a preferred enbodi nent of the present invention a | ocal
area network node for use in a |local area network including a hub, a
plurality of nodes, conmuni cation cabling connecting the plurality of nodes
to the hub for providing digital comuni-cation and a power supply
distributor operative to provide at |east sane operating power to at |east
sone ~ of t kencpiturcaiviatthe @inbined@she/icaey, hed thalgoralriger tidvirdesonpluralitg af camlesabl i ng,
the local apga, nel-wer ke %9%@ a'nﬁl%' Qlang & SRRIE 81%% a%ﬁ%,so% 'J?Jcﬂsf ace
recei ving both power” and dat separate I‘OVI {6 a

power i nput %’r’fd*Rdhte%‘Phtcéuniﬂr‘PS’@éc‘émlﬁﬁeq wbatﬁltemﬁm@EAthoa@e@pMﬁ@e pwwctrh a
preferred e gi ment of the present invention the .. power supply
distributor is |located within the hub. Addltlonally or alternatively the
pover supply distri biYiosoverdn peserdancy Withasireferedirabadiment f el preseni ipvagioni n

accordance e thiib amma@faedatae&tnﬂmamidmiahceatrat&heherab@&%atpw Mﬁﬁﬁtbﬂﬂc]ﬁ&@anOde i's
operatl ve fOI‘ node initi ateﬂ Sﬁg§m) e operation in vol unt ary

management . SPPOHE P RPMERWPRI%: OVHSUPRI PRI 2IPP ST ft"‘H’“’n‘@ﬁ’&‘Pl i‘ﬁ‘lt‘Y at ed
sl eep node oper at i onAlditismallyinbraaiteramely (RN AGe Bdlides NANSty dIBaRLIctog t he
time duration T

1 sjnce the l.ast activi of the node. |f TDl exceeds a
first thr es%ogfﬁgatpﬁ%t‘%go‘ﬁﬁss@ﬂ@% dysgribitor 4 ‘itl‘Yd(?? as"g‘l"g‘s@f’ﬁ F‘}‘Fpﬁtp%’ffntupgl ’ng‘Fcat ing
sl eep node @pemmicatiom, cabling condets tmdaao@memmxoﬁ Ebnacn&hteeﬁa thedembifieradithe nvol ves
reduced po on a | ode _has the
functi onal :Aﬁ/ ﬁ&f}g@g&hﬁ% i Qefq'g;crfts’és % Ellulayu o &uilgrgtaf'o qu\/ 0% f{ﬁﬁ y p@wer
management , Conplerieing wearseted wgaéltcrltwm@m&bftbnptgversllbplil ~y~ 003 TD2 since the
! a$t Commm cat i on %Olteg\%f QQg?dmlﬁ {O E%feﬁ)é&: Sg&i r@en‘ Of ﬁ‘lte ngexﬁzm%ﬁidn th t he
absence of a user or systemin trai n | CAL di eration,
the node tHeh iagwdenpedsts wnan@lcew ma@trammtbmwwapm db‘t!t!'u@ed'lc R

consunpt i OrpombfdeeMd &r powar ﬁﬁﬁ@rt‘ﬂ@@&ﬁmmtéaﬁo@- ctﬂﬁtﬁé @&1‘?1@&'5 aoaedichRRlniokiod he
present invention the node may operate with t functionality of operating

the node ndPRERFYOTA the ﬁ°‘ab"{ffér‘9 the pedsp. apd Gwawbwgmthr%a giuglity efitgurlgser at i ng
tF het Rode i Mand aSﬂ)lﬁQlity reydtefiUdndi 4 plufaliey &’e{m&ﬂb&&t'l lauoceﬁ&utrrdl {bﬁo&xh@?xrﬁt@tf

urt her nor SO opera a sle e result of a
sensed faule(# %‘g‘%ﬁ% &b??“g'ﬁa‘&f%@ﬁteffe% Ka a&Bfaéa é’s‘& 'PGH(?PV’B?PJ'I‘}F*’( RA%SF t he
node peri odupdy.ly performng a self test. If the node passes the test, it
operates normal ly. node fails the test, it opg\eat es in t he

oo oo e T 1 TR e et RS ote? el asbd Btegmta O B tRIRE of 1 o
present i nwepply disiribudoe mumles as:ombleeraandve poorer pppl) theuqRinyunitatdor tdblibgr
I ni tiated ;g&tsgteq?dﬁmg mm',, yatrawspﬁtagwgmmf, g gl ably

the node h ovver 6r "R t3ated sl eep
nmode oper atcpmh!ﬂ¢fnln9*9<ﬂqam ahyahpovépoummag@n% nﬂl}ralmawélﬁyemee@brcougext being i ne

duration TQ&mé&tQ&ﬁa&ﬁEeJt@ﬁ l@ﬁtbf\@hg%‘@[_sig? node. If TDl exceeds a first
e

-
3y

1)
'—r—

t hheshol d, 1n the absence a user or s m i nput contraindicating sleep
mode operation, the Addifiendlly epeaitamativelyn t étubewclndnaeawd#temqquaé@ r educed
power consypRkatRfbr, A@ddo%pa@h ydlttﬂbxﬁ&cmag&eaqecambtd& and" o%tef %Qp | ment
of the present ' invention t node has the functiona |t Sower supply
di st ri but ofoPRPHifasipReablipgeopnestdle dpseprIMuBIGation cousPRiFsion vip t '%ﬁ?é’@ferrent
that neasUmnbdes, #hdlthé Borifer Chiptisd R ﬁirm;,eo? B&ﬁieﬁ%d Chommdn?%tmﬁ& £ o he

node. If T ce ds a first threshol , _In the absence of a user or system

i nput cont P H" BLETHY PV A TR 2ih EPQTnG Fircyitg LSHEMRS); each fewPlEpR ™ ed in a

sleep . , aaduecteMa:mmrraa{@imH@du@agmpﬁmro@&r}.wtIon Further in
accordance with a p eferreq\e n‘B the present invention the node

has the functi onall forgply t ?W‘g’f‘t“t‘%f‘tﬁ‘f’e"ﬁ’éﬂro F PPFYy
perforns asupplyt letﬁblitbkEmBmdkS a bcimttutbe aﬁ@dﬁp@@&'sﬂaﬁpl}? hie tcemtn)unitcinthcabmgr ated
normal | y. r at dlnthe sl eep
node. Furt ﬁ%’t"ee{‘ch ﬂ&c@é”r 83%'8%"‘%%% cgﬂcﬁ?t@foé'rw lt“"Ie ﬁ%tﬂ?eﬁetﬂt&%fm? At dent

i nvention the conmunications cabling interface is internal to at | east one
of the plurality of nodes. 7



Stilt further in accordance with a preferred enbodi nent of the pr es1e1ntAUG 2003
i nvention the conmunications cabling interface is external to at |east one
of the plurality of nodes. 10 ~ ~ ~~~~~  ~0Cc~~ Additionally in accordance
with a preferred enbodi nent of the present invention the power supply
distributor is operative to provide electrical power along the

comuni cati on cabling w thout unacceptabl e degradation of the digital

conmmuni cat i 6¢Mbirgri inflidas, g iplalit of ceupegatd avRlETRity qfr fHtesy eed enpledbeiBnt of

the present chidv@ed Vi9R fild8o GOSHMR bEBE bm,g@‘ggl ng i ncludes at | east one
twisted wire pair connected to each nog}te wherein power is transmtted

over a twisted wire pERftiogtigngr wiicert it dhs il d6ludpsards fitet EMMYREHHPR onal | y

i n accor danegicwtiator ath@ﬁﬁf@f Elﬁb@lyeﬁmﬂﬂltﬁfeﬁtlu@és d b&ntﬁﬁ@&ﬁﬁlfa ;bd%eersﬁpp@n thdre
comruni cati on cabl i n‘% gc udes a%’ east twp twisted wire (Wg’ conngct ed to
PHReah A

each node aftPHHBFRE Peforpety! arﬁof’i’réﬁl"ﬁt\?@lm%cei“\ﬁ“gt"@d 5L iorthe
di fferent fnales tdhatthalc@rn@inwhhdhdedat ﬂuxiaBtyt dfadagtert tagdl .a ;Fhlirelfxgzroa‘.mmrstzfme power
suppl y dlstr eratlve 1o OVI e elec l.ong t he

communi cat i Bumyé’b?f B, uatuoff'ﬁlg%é E’gacérﬁ?léd‘]g? ?6%5 Fas h%u%]frglet"é%
conmmuni cat i mneqﬁaﬂdmataﬁimlahcya SH’faAltmmmmpumﬁtmrpowatshppig may include at | east
one twi sted wire pai

transmtted over a t\i/:\}i' &@pﬁlea%&%jan& wﬁ%ﬁe@ﬂgae r&%ﬁ n}g']f&%lesp rég?\s@kf }}tg)ﬂé}ﬁ tted.
Furt her noreowen Slambodletahuter ini Qphraavqonoafr@ndeedeMbmwm ntong thet ¢pemmnisation
invention t two twisted wire
pairs conne%tg% to ea"ﬁ'ﬁ&e %blga%éﬂmﬂogrgfﬂn%@e%hiﬁ?%ﬁsm tted over a

twi sted wire pair di $lbrfurler fipaecarience avithhg mbfeced dmbediment t ofathe nireseald.

Préf erabl y hh@uib@ MR  coftlbidd caglﬁﬂg%t'ngﬁsés sat RRE AL tWiGed Q'uf) gfﬁy belRe@beRl i cal
power al ong the conmunication cab w t hout unaccept ab radat| on of
t he digit al ®2cbPRAgIPE Hherin power is Fféfi’s"‘iltf?dz%@'drtﬁ'&#éé”’w&aﬁ algngy wlich dptadf also
enbodi ment wdnsthifved. present i nvention the conmunication cabling includes at
| east one twisted wire mgl r.c nnect ed to, each node and wherein $ower is
transmtted over a tiie® b dnglydes, p datp CRRMURICALiAN,cqnEentpIoR, "E‘ BA%Ffi t t ed.
Still furthepply diseibGorf arde dl\pdivuhr &pplyeﬁtetﬁ'ic@dnﬁ‘fb&ﬂi’drmly, tie dohmarcmm

i nvention thg.conmu g{g ﬁtlon Cabll‘iﬂﬁ i ncl udes at | east 8& g wlgre
pairs conneZPing PaRests dhe fizcommupicapien canRenARE 2 ﬂ? Wéﬁwlyt'%t 5 4%

tw sted w rmedgaand pdivef mpﬁlmntérfaomntlhdﬁs aplualiyy oftflliets addb alutatityt sfamsmpowerd.

Mor eover i th a. dinent of the t, invention
the hub i n&ll@%ggﬂ g“?da e %I!]I at’i o 5%%2@% 'bel onnfcﬁed ‘"%\%esr?%gi&pplag;/l
di stri but oroutput:&bfuhlawmrsﬂbply ~ 1 A~ ~~~ 3 conbi ner a managenent and control

uni t and a power SupRliiodfie if QUBILGALIAN: q,?&irhqgerﬁpogn&ﬁ e S bl

communi cati on concentrat or conbi n i ner ,
i ncl udes a ipyenticnl the yorfunicatiph e#bémmn'unralsﬁl itllrlaktltwy twistefl iwire prics eﬂﬂdeﬂ‘é\edﬁpur ality

of smart pPQUEInoab hRGE ﬁﬂ% gﬁEfﬁ? Cidha! er
beiing connect eng Vi a ae?&ﬁ’%?gé% g%ﬁ%ﬁpééﬁgéné‘gﬁé ésal power suppl Y,
and t he SPB&‘?‘H@‘%?J@?"&W% to report to the managenent and control unit the

current consunption p;éfeabﬂotﬂ@ hGIOMREALLY dstlaecroﬁ.mmcﬁs&ltéaﬁéenmmaqs@f,skaace Wi th
a preferred enb di ment_ of "‘the present i nvention the hub includes, a  data

conmuni cat iSeRPICHFERWET laslaiies atH‘?é’e‘bWV inserfiee andcR RavYer BEPPlYr the cem Ry Rigation

conbi ner af&ﬁb!ﬁgl@@ﬂiﬂ&s SHE R contmiRicaINBaRtcaithiORa AR PolwBdsu pmﬂ&me thhﬁxedat a
conmuni cat i o{gq co nt rat or YI a the conbi ner to the nodes n‘% i ner

conprises &° 9°wﬁf serplipintertacesinciudes g nlinrafity of filtges mdméi*@l“a sgart
plurality cpswarmbéatx&omrre@rﬁwtmgmsmﬁ RRAHiteekiny dofiebied viaQREARR)to each
coupl er bein nnected vi a filter and a SPEAR to an output of the power
suppl vy, and“g‘t‘f §E§‘ﬁ\|§°}”§f%ﬂ§¥ ative to limt the maximum current supplied to
a node connect ed t heAdditidnallyAlor elitadativedy VthaCi®! Glichded @ ala@r @bmimusidation

enbodi ment cgrfcertltpa orp{hgsp%gvter Isur;la\él%nc}iétr?axtérr}gcludes a power supply interface and a power
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hub includes a data comunication concentrator, the power supply 171 AUG 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 includes a plurality of couplers and a plurality of
filters and a plurality of smart power allocation and reporting circuits
(SPEARS), each coupl er being connected via a fitter and a SPEAR to an

out put of t lsepphower caumpplioatiora pablitd) eonSREARe | dstaoppemarmicat®n tconczotraserayii ¢l | vy

di sconnect 3,9gdg ﬁmn@r@a%@% {h@%fet; Oang't§e015cﬁ)é!' g%ggnn@#& ldaenk pfaansy b on

foll ow ng elapse pr ogr anmab pr edet er eriod

Addi ti onal | ymilrh p%@f@%lemﬁ@eaw rmﬂa&gﬁﬂ@%ﬂ@ﬁ%%ﬁww bGFlgtCH@eﬁfF‘éEé’e%‘t
invention tRgphHepelvdaspi data conmuni cation concentrator, the power
supply dIStrIBUtOF r. includes a conblner and 0 su e

conmuni cation cabl i ngtil oMbt & §IAEE AVt ARl Egﬁ' d%“r%@é%tﬁhﬁt%?se% a the
conbi ner t ojdvBRicARERUL M@de@@mbﬂamammumealtfuﬁle&cmﬁtdu,rtﬁé pdvgér afpp@mm&xma and a
plurality of filters ndaplurall%\émof snart cation

reporting cleludes & compaoRad @ PIRET WBRIYI P BEMH C‘Eiﬁ’ﬂrfé L“écf"e’i‘eéts tﬁ? i%%er and
a SPEAR to adiimﬁthﬁlﬁﬂbn Gcfncédﬁetop()w&’fe csmbilabryto tl&ﬁﬁdéshﬁe ShbAREr insludeer [ﬂtmalﬂg to

aut omati cal I con froma ected t eret 0 i ng an
overcurrent® "ISe 5% afp ‘frﬁ ﬁ@“"éﬁ %{'Ssa let§ °g POy BRFRBTY? b)peaag oru
period of tbxmita(ﬂPEtAtRs)auﬁobmatplezaéxhg/cunwadwacatﬁltehmdncﬁl’éARoo pmuﬂputtoﬁéleeaf ter

wh t

acoor dance f T oot SPLANLe/a, BE Ml A orp aRELLURR, s (RLERKT o g o

AL~ ~ r | ~t the dethgothmisni¢ation mgmatoclmdahec@hmgﬁw@dt isgpnnededs elmcmmemcaqone power
supply di st thhd ode%ghlg%ﬁah@y&qg&kner and a power supply, the

communi ¢ati on ca nect’s sai d data conmunication concentrator via the
conbi nes to the nodedhere fivalseprvided in aecordarcs withyp prefered embpdigenippethe and a

plurality ofrefdhd fh@énﬁo@?ﬁl)cﬁ a@a%@bl’ktt%dc.ofbr 24584 b 10QWRda n@tlvdoﬂﬁﬁélbd?ﬁk 2Rb, 2
reporting circuits (SPEARS), _each coupl er bheing connected via a_fi fter and

a SPEAR to ahrabmquod?if CQIpBUTFHRSY caémﬁpwma%thﬁ Wé*raéﬁmﬂq'qd%ma%lguba %ur r ent
sensor Whi Chrotiging! ldlgﬁ&: RmaRinfcaiR ahdﬂ@ﬁbwéf stpply agman&camn@u@ plovidentllegener at es
a signal which is proportional to t 0? éere{;} glasffs thetrhet hF’ ﬂ@h and . a
mul tiplici tSPUT ORSHVBRPIVET & Ploledt vPRY of ke By © VRethE P F ®&nsor
and al so r eggimtinitgtién tbliny, ahe Beal akdaagendrk abdd mclmding a pemmuiieationd eatding e
vol t age sourc Prefer.a the ,ref erence oIt age Source nmmabl e
ot er once. vBTasSRRIRY s e e Sl B oo P B BRI Fr R Bl ™,
control ci ratrlldhmto&d«uﬂetdammmhiy t he out puts of the multiplicity of
conparators nmay be s Le r pecei ves
i nput vol tage Vin vi glp er chéo?da.ﬁcte%gt(rlalng;péferl'edgﬁ%@d}maggftﬁ%r%sgptrnmnﬁ {]1 f od
vol t age..out pawer Sapply. dikributbeis favated mithinghe pubt édéltlor!aﬁﬁ oc @itgueativelp the pawer

supplied tog uits to serve as nonitoring inputs
pr dvi di ng i n%?agrﬁﬁ;}s%cggg%ﬁghe R current flow ngm t hrough t he SPEAR

..... Additional ly i ﬁtllh@r@wuamc@wdaﬂw withrfpeafereed emhodimente af thef PESEE pr esent
i nvention t1H€enhb'lptﬂe%h+"§etﬁ>eﬁnﬂafoﬁn&@mﬂ&f:ﬁgeb%d@%&ﬁ%ﬁﬁwgﬁmmﬁyhﬁw@?mr

supply distributor includes a conbiner and_a power _su

conmmuni cat i B#nagamnt. Fieferabln the ngde hagthg &t“&“‘lf’éﬂ‘fﬁﬂhﬁ“@&t"l’%‘f’%lf% BRYS SREFAION| o t he

combi ner t Qntd&ﬁlnwg&wer&ﬁﬂaéé%%nﬁ Qﬁmém%easuﬂﬁé Hidasm@ dithtivh D1 Yindf thedaspl er s
each of which .includes at ransforner each

| ea havi.n
center tap ¥tvVi§y %fé%‘f?d‘écrrfﬂ?hé’f‘:&??? Qrsaﬁvmh% “Eﬂ'&aﬁ@c\?d’ £ ui5E OF ?’s*’@d"‘g‘{) each
wire of a tonfriifdicAting Eledpaidte @& stioh 1R RIde thelrbipdrd1&in b BledpGRcae Gvhivhénvailveh a
preferred en&og%ment of the present invention the hub includes a data
communi cat 6 PROEACOMPBRUC"t he power supply distributor includes a
conmbi ner and a power Agdifigially of hammawmbmaadmm&h&ngampnnmgniﬁmed dat a
conmuni-cati on _concentr at or v?a t he conbiner to the nodes ?‘l délpa%ogonbi ner
i ncl udes a %Ieﬁr"?ﬂ £1QPErgHON B HSMUBIRLY BONER, TRPASTRP T nAmICY [Esarie 2 g dpraligd,
transforner, which is characterized in that it includes a secondary which
is split into two separate w ndings and®a capacitor Wiich is connected
bet ween the two separate wi ndi ngs and which effectively connects the two
wi ndings in series for high frequency signals) but effectively isolates the
two wi ndings for DC. Still further in accordance with a preferred
enbodi nent of the present 13 '




11~~~ ~-=J3 invention the hub includes a data communication 11 AUG 2003
concentrator, the pawer supply distributor includes a conbiner a power

supply, the.conmunication cabling connects the data comrunicati on
concentrator via the conmbiner to the nodes, and the conbiner includes a

pair of capacitors which effectively black DC fromreaching the data

conmmuni cat i n concentrator. Still further in accordance with a preferred
embodi ment  &P2 5HE° Hhee@s ntommupisaiqnodl the@osrutt TRE| exereds & fsttregholdmimitesat i on

concent r at oabserdch &f POVMRF of YNy indus tdnBiiEidting NEdepl GR3e Bper@idi AR nd¥RGhG POWer
supply, the %a%rsniml ation cabli n\gogconﬁraects t he data comruni cation ,
concent rat off Via 1t ee@dWl nEPCh BYQIYES rceE OV FAn B nhi ner conpri ses two

pai rs of capaci tors Morecohered i@oidhnce wjth | potbtreD@mibbdifife st €e1di pigerit Rivestaina
comuni cat i ddi t| ona accordance with pr.eferred
embodi nent tﬂ? n%%p%% spena?c |wr'1t€etﬁ i I “‘t"ﬁclé%h%po‘?eﬁ"é’lnﬁotg% “ﬁdedﬁ?rﬁ’a@% @ation
concentr at d?ermdlb@lypmrrmg uppd ylodli sl r operating thiensddediasa aleep mnideedutsidedthia pover
supply) th i ng connects the data communi cation
concentratgprﬁw a ﬁg&%ﬁ%&n%gs? “to the nodes, and the conbiner includes a
sel f bal anci ng capackurternoss theamde R Gpenete- thasseeponmmsrﬁmd&stﬂouﬁ)hl ng
circuit. Pregfes ?Mltyc&gﬁﬁo&?g%%r;ﬂo biGFhd REOR B2 ngctlo%ﬁ O?Qlf g §%g§ ically

separator and a _pair ners each having a’primary
t her eof vi PEVRHTURE 3 $R-1ERS 1§ thetmagaopassss dhettest dt andrates @W@HEH‘IQMW@, 61theanctdw st ed

pair conneqzlgdhgtbgrle&@,ate@mhg sipahday. or, alternatively the communications
cabling interface ingludes a separator including at |east one transfornmner,

which is characterizZ¥g fusthehift a¢cordanse| Witk Arefredeampodimentn of thespresentj nt ¢

two separ atisvenvidaglite gsdeamdpeaatnamgb\tarsum EribRoraRARes ey «RRk teﬁ‘e?amtxh@ two
Separate win mg{ and which effectively connects the two windings in series
c

far high freYtARCROVEr Japapaemepy, Pr ?b@bf’ie\}é’ld?/ hass the fhactionaliy imvippwer fPRlys f or

DC. Fur t herdisoibetot hﬂlammwmmaaédpeﬂﬁommbbmmwlp@tv@m ?erhéﬂ? b8y mBashBR@T at or
conpri sing }%t%(;ur ] grgﬁam t which effect ﬂﬁ DC fromreaching a
data i nput ~of 8" con et %h%?‘éw \oisil 1 egogeds afirstdprgshold i t h a
preferred @wtnbdannenf a kert dresygaem St commdit:atmg sldep nfudeTopEraaR] teNfodeadl i ng
interface | r airs of capacitors which

ef fecti vel I)?Eﬁblft%%&%ﬁ%q?'r%g&nr%%&ﬁm%@r& ?gowerﬁﬁ{‘)sug‘t’ ‘% node connect ed

t hereto. Additi onal Additionalllyt isr saoidsnsk ywithhe prefemredhiemhodinas ofathkei prgsennt er f ace
i ncl udes' ajny&RRdh ahd C C ()e] n ‘
transfornelr-l ess co%r@mﬁgﬁté‘g’tﬁ)ﬁﬁqﬁ% ?F‘?%u%upﬁylﬁspﬁ%br l?ltrltalt%dz%% d%ﬁ%ee with a
preferred BRFRYER freyRlunyiry P%eermmtzml WewtamngtatweMranom’rBz sipee thadest node i s
operative bduR@hdabi!bt mb4Rad 1P 7B ckdeed et BERNIRA tﬁy%%,tcg el dsdc oot ! ]
further in accordance wth a preferre of t resent 1 nvention
the node i FiEteHdBBUtLoptERRdicating slpepamady ererationhe node ngheni ¢medrly)a sleep east

one power &Whﬁxcﬁﬂﬂoﬂ@ﬂ%d&bdfd&e?Edﬁsmﬁa’fﬁi’xoiﬁhere' n the switch receives a
control input fromthe controller which receives a control input fromthe

sensor as wel | as aFWBWEingrcordapeawithagmelerrd embadimentiof the presenyinvenyionle ch i s

cont i nual Ii,bd_p@mheﬁinmbnimﬁthattthé &ﬁﬁefr PR d&ﬂ%ﬁfor peRRlciily ReEints :08& bh Yhe N

accor dance N %fer i ment of the resent I nvention the node

al so i ncl u’éf’glg is pa%bgf’y"s‘aﬁdf %ﬁ@fe@l"ﬂm’t“% fbweetr Ethsprde failcthe st itat | east
one recharigepdrited iamieysip¢p slods. age el ement. There is further provided in
accordance with a pf. erred epbodi.nent of thg rese?t i nvention a Local
area network includ S N Agfgrdance gyitha praferfed sm ﬂ‘gﬁ‘é‘gP e pSALRYEHER 1§ cabl i ng
connect i ngc_osmiudicpdéans adbnmgmwtfamdméﬁaototahﬁadauﬁb drete ;Mrﬂlity of dwesdat 'ad : I
conmmuni cation,  an . r_sup istrjbutor, o tive to_provide at |east
sonme operating powe 'lfguvkﬁ’te “éat§$°¥%a8?$e‘”8t‘ *Wéef?ﬂ'eg a‘?"l"i’“e&t °ﬁc§ PIFEY t he
conmuni catipeentioathe icorgmuaibatiomocablingsiterficy islexadrndl hololeast 66d ofdheygunaiiyest
managenent, tlnctionality. Further in accordance with a preferred enbodi ment
of the present .invention the power managenent functionality governs the
supply of power to at |east sonme of the plurality of nodes via the

comuni cati ons cabling.. Preferably thd0power nmnagenment functionality
nonitors and nmanages the power consunption of the nodes. Furthernore, the
power managenent functionality senses overcurrent situations and effects
power cutoffs as appropriate. Still further in accordance with a preferred
enbodi ment of the present invention the power managenent functionality
operates in at |east one of an involuntary power managenent node and a

vol untary power managenent node. Preferably, in the involuntary power
managenent node of operation, if the power supply distributor senses a
situation of insufficient power availability for power transm ssion over
the cormunl catl ons cabl | ng to the nodes it supplies a reduced amount of

. o, o,




Addi tionally in accordance with a preferred enbodi ment of the presegnf AUS 2003
i nvention the voluntary power nmanagenent node of operation) reduced power “
avai lability is mandated at certain tinmes of reduced activity. Mreover in
accordance with a preferred enbodi nent of the present invention Is 11 ~~
C ~~~3 the power managenent functionality includes at |east one of the
follow ng functional elenents: interrogating the comrunications cabling
connection to nodes,Additiaghllycfn jatcordangenwithde dreforadr emigadintenp fiethe gwesentt he
communi cat | QRSeiGAMe! Rer S§hlyl RGribdicH ¥ iddb@tivey Q) 5848 @@Qri&l}”p'b_@&t albdgMpks for
nodes based at |east on results of interrogati ntg t he communi cati ons cabling
connect i on PHWBGELNSAR ing wibeHs prases@tabls dagradasips of thedigiiah oBMPREEP si gnal i ng

messages to the renmdigl ARAE; i BEkoFRRRN WithGa $helid Qhbodinten@f GBNPEGEnd t O
the node to a m%%emnt,mrk stat.i?n. Still further_ in_accordance with a
preferred RSB RNTOBIUYRROYSARDE Iclydrs 2 ATastRTe fHEe Bie PAmeoRasEmih Each
functi onal idoye amlywhdreif poved isd@nadittddear®t aanitedl witd1paifl GbhOWhidp dhtdnc tls@nal

el enent s: \/toltaged is neasured at an out put of the power supply distributor,
correspondi KFHE™ line to which it is intended to transnit power over the
communi cat i ons cabl iAgitionallyhia adesemee with @oyweferied agntbodiarhto of tthee pesdnong. | f
t he absol ut, I the voltage 1s higher than a predeterm ned
progr am‘rabl"gve%{tﬂorn Le{E grﬁ?m{"ﬁ’e‘o faﬁgn% lsml(lzlii‘ggaé? |tegvogtg"sﬁegv‘?"ﬁegpaérsv%ﬂeﬁtﬁdémpr esent
t her eon f r gaghamdesadevherein movar is gransiitter lozercdysustadtvare\pair iffepdnt frine thap kipegye i s
not hi gher fihan.d 0e RLafles erm ned programmebl e threshold, a current limt
is set to a predeterm ned programrmabl e value and power is transmtted al ong
the |ine. Thereaft ePreferpidy the pewgysurphitdistibuten is premtive tocpronidesalctrigalatoweh e

out put of tafbgg PRYEEorRIRator| c3Biing D WiRbut ! QhackQfable! MEoridariBl SR A
predet er mi ned proogranmabl e ti ne, "based on the foregdl ng neasurenents the
status of CHERHBHEORNd the |ine to which it is connected are determ ned.
Preferably, the det @Idﬂ!tiﬂﬁa‘llz% cBfmufiGatidh dhbiMg May iltfude ARas8 Bk dieed winte

i ncludes at | east one of the follow ng determ nations: NO LOAD VWHEN Vout >

V2 AND THEPHBEAPYGIe tspctyBogs-and pyherein pofveys Aapsmyijted oo a gwisted iRy PRig #4098 T \\WHEN
Vout < V3 Avhioh BtEisARG@eAdited ALUE OF 10 > 13, FOR ALL T1, T2, T3 t N C LOAD
WHEN Vout T3 < V4 AND THE ABSOLUTE VALUE. OF | Of1<| OT2<|.OT3 PO. LOAD WHEN
Vout Tl >Va AND Vout ¥g§ T REF b acopsianse W arpreter| “‘G‘XLEJCE]"‘ﬁﬂ’stﬁ‘l"l >I'S OR
THE ABSOL Uiizertibh e @mmuaiEatidn5catiRg TitfudBSOlehEt Ewd Akisled GFrel fairs 2omectwdher e A NO
LOAD condi t S in which a node is not, ¢connect to the.ljne. A SHORT
G ROUL T G oG Hodein® BRerc pbiter i\ RaRiNET ouck o Wokeod RAHE Biif Bt M sral e, 1 V0T
1 1 ;~1~~ pbigBdatais 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



and negative conductors of the line upstreamof the node or in thel nogigg 7803
NI C LOAD condition'is one in which a Network Interface Card |ine

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. VOis the voltage at the output of the power supply distributor
for the line. V1 is a predeterm ned programmable value which is arrived at
by nmeasuri nEPRURETHE GRBASEMERE R GOk UYT aRAOR PAYE Swerlit. theosommyedationdcadlingy f ew

m nut es whetonp@tesaid GatESmibkARA6H EdneehtaloP e thd@nldiMe o M nbde, AeoggRber M ned
pr ogr ammabl e v%l ue ‘\é\lhi.ch }s arrived at [P?\éV n&ﬁsuri ng the | owest val ue of

vol tage Voul P &Pl ar epupierss ) o MialiBs 0 s PIYradith Of SpphPEWEL t ed

al ong the | illeatiandnivigorting clrafd (SEEAGRNRECH eshpRebMBe fontdéudt viaadile Vs at t he
out put of sai wer supply distributor for t line; V3 is a predeterm ned
pr ogr ammabl gﬁ%g‘)e an\/\ﬁf“@ﬁp?és/sagr ?9"(}:@&“@? &98%%%%& PRSERLE Q‘hé‘%‘g"‘ seahe val ue
of vol t age Nouagerfant aral qoetrol oot the cardnesensiniption 8f aMdde cqa¥edd th&etdOt transmtted
al ong the Iine and . resistance i s connected be en +Vout and - Vout

at the output of sai %Safgra&?ﬂd%ﬁaeﬁv ik “F‘flg )i e@%"%@?"‘t"hﬁglpﬁﬁ%r‘,t "\‘ﬁ"t'ioggﬁ

predet er mi ried ipgledes andagd cainmnalication\béncentiator,pthe peweabduppla rdistriteutbor dhchipigs a
measuring t ' t I t for period of. a. few
m nut es V\hedr%ﬁjgig\%\lggr}ﬁis.asp 081%? b%p}éghgﬂrgﬁc?%'rg%&g%‘%ﬁ gah;ﬁﬁg PIRES g’ﬁ dig{ﬂ/ncé’f‘:mé{mrcg st ance

i s connect €@ndsaratpreyia thgoembimatito-thouadesn tthe branbingt porbprisés & aluchligovieouplenspl y

di stri but orgnd Qr | 4Bt ersVandl ' val - Whi ch
represents a t ph?rlgg?' (%%g?hglddag\B]gfaﬁéﬁgtfegr%(ﬂb%qvﬂ;%ﬁ&gQ%Hggggg%l\égéﬁ&snﬁppI y
comrences $pEFARYdch spvplembeinasconregted iiscastiies andsa SREAR fosan quipweofithe pawerat T2 i s
Vout neasursgsplyitanad 15€SPRAR! is Bperkive MOWinithb Sna¥itin WRAME sG5hliRl 1§ al gpd tine
T3; IOis the current flowng at the output of the power supply distributor
for the |i qamnestedthereld. s ho predet er ni ned programmabl e val ue of the output of

the power supply di sAlterdativedf ack@ttiing bea priefefred Emboldfinedt SMBIGERATRHon the
ich is arrjived at by measuring the naxi mym peak val ue

o The cur FEh iR § et e BlgHioh et it G5 o SABIPSS MBS o

transm tt edomabimergnd h@owensppy dho\bedimuhicatiORebblig donitBahe datd commeniiibput  Of

or cclot or i SRR it St ok i, il Bt i Phyie atciepRG oho

M ni mum vakelradity effitessund epitralif) of emarapqver bllpdatioh and fepatting EittuR S(SRBARs)pOVEr i S
Wout ana e el S el Ve PR L SRERRE B AT ol e BRRR I A e
li ne; the SPEAR is operative to automatically disconnect a node connected thereto displaying an

overcurrent condition following elapse of a programmably predetermined period of time.

Additionally in accordance with a preferred embodiment of the present
invention the hub includes a data communication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, 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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I5 is a predeterm ned programmabl e val ue which is arrived at by WEBQUP‘PHQ’“QLB

t he maxi mum peak value of the current 1O for a period of a few m nutes when
power is not transmitted along the line and when no load is connected at

t he out put of the power supply distributor for the line; - 10l is IO
measured at tine T1; 1072 is 10 neasured at tinme T2; and 1013 is IO
neasured at time T3. Further in accordance with a preferred enbodi nent of

the present thefvRMCluge 1 dte (OVRINIAUIMIPBIFBIECT U POVEPHPALL StipHEPTRRbes 2
functional i éambidr aRPNpdvRr iskliplyd B cIRARAGEGn REINBS cErAEAR dh@ RoMbdiBgionOr Mal

operation conprises sensing current for each nod erab

functional i ‘f‘{;g?"&amﬁﬁ‘ﬁlﬂfcocrof“ﬁﬁ‘e%'r‘?dherﬂ’%f‘g hﬁé"'ﬂ%\%r‘mﬁ“gﬁsﬂ:ﬁﬁfif‘%ﬁ% %ﬂ&P‘P‘Hd"?‘.or nmal
oper ati on copipraliges fises sidplaaliyy eAtmdrigpoweadincanioandireponing einmita(SPEABY)K| i ¢
et o b LRI RRECROEL APk Yo PEREREL! Rl B RO REVET
consunption qurT iy Rorhal operation” may ncl sensi ng 'ént for
each node anhdSP,B@amaludgs gemmensm whiplt rewntehapolmgc mmté/brl ?orpra@dmr@rlmlned
reference v j I - ' aps eferred
enbodi nment %fi uét?eaeljagg %é‘tgl |w R@gnlf .%g‘ﬁ*’%"gc b t%eehd}reﬁp Bﬁgl%agl(sé%fh}%ugg ins bei ng
over-curr erml)ltlpimrof COMPAERIQTS ORCEIMOE iHivel srgnairfeomvle lcuwt feasor and alspsreeiving 3 on

i ncl udes prr%%?e%%%aé’e?r@fﬁ ?Q{;e%t&eh%@r%ﬂ&'xﬂﬁage&@fr@e?ver in accordance with a
preferred I ment e present I nvention ...: the nornal
classification incluliefsrably the sferensagolise sonsces 1o mogrHEnbleiefreassyaiegat i ons:

active rmdesomeés%ar&esd@mnamnﬁma@wagmﬁ&cﬁmwbs%ﬁpre in accordance with
a preferred embodi ment of fthe rese%'lhl nventl on _the functional |pg%/dfor

moni t ori.ng and managfffitiqgrathiethe SRS Ahe BHItATGY QF corparers mayciestp

opér ative tocgedt ligitert 48 REK Mrcarreafvemraersv&dagesmnf Vi€ theaurrbiti sagyor and
oVer-current on the one of the follow ng functionalities:

f . at |
if current PAYV Sﬁ&ﬂ%eﬂéf& %‘ﬁ%oltégeroé‘ g? “over-current threshold for at |east
a predetermned ti rreEurqhamre the oﬁxfpats dﬁ@hkemmpamtﬁ's aréfsuprpfn&dem imegament &t er m ned
tinme) current rmtte
over - currencfmtt“ﬁlgéglﬂ(.s)l?‘ﬂsewgﬁanﬁ’f" ?nélﬁéxfpu r?e&?ﬁme’ "ﬁ’r"d“"gxtl eeg%rﬁg%qhq%d PS5 Hef i ned
bet ween a rfloguidgahrooglethe SREARNt t hr eshol d and sai d hi gh over- current
threshold and ‘a pred ed t =3
determ ned as a funcﬁﬂ?w%)lp \?%i ’l a%'é%suc& %{egérn%rr%clf é’?de'mf% esﬁlal p.gselns
exceeded. Haventiasr the hutainclodesandats wntmvnmatpmeqoeqemworeﬂm oeWemsurplofistiiBgonr esent
i nvention G0&,detiNCdnBiRl iahd/ af Qwe BikplyO ke Chnitilidi ARGCALAZ RRNEEs HENGMWTPLI ON
during nornal operation is op eratlvg fo control the operation of nodes
classified caemseﬁﬁ@nma@mrem viathe eambinge 1) gheinodes; ang the cgrabinesaclpdesiae

fol | ow ng fouiRaky ePadbdplelsCaich \Arfwﬂrcn iftlddey Atikadeh )sals B@frinsﬂaﬁ&dﬁte&!hnﬂaﬂﬁrg dime
foll ow ng detection of an under-current _node

edetermi.ned time is
sel ected t GeHYIRREt RiEReRdaneereRisiifowuch ‘P‘bDﬁ(YP'é"ée ‘szﬁf’ptﬁle%gﬁ‘l'm@g? F‘Eﬁ?‘fj%r such
node i s tercoideab@therelt i1 further... n accordance with a preferred
enbodi ment of the present inventi on | pcal .area network
functionality for rmﬁf'&fr’? HGOGEnSF ?S’I“f‘ae‘i? efréﬁf“?lﬁdﬁ\ﬁ“h%f%@ﬁsmve‘ﬁwng%r all el ,
overal | cuhaendciideow dana @Hmzﬁfcatﬁd&ecoﬂébﬁﬁﬁoromr podet s@b]ytdisen&utcrresclud;:s a
nmoni tored, wh n.the over current ammabl y
bt edet er m FEREPE A R EPele, e R e e SRR el oo BERA7 TS
power supplcynceintsator iirhe constrinter tdwhe natis andtha neulisa incldeset puralite of omplerrer .
classified 5&% rﬁ%dﬁ& ‘B%ieéei‘s %ﬁg&‘? Bhe 8&5{3%?%11 rfﬂ%{ hc?&f%dl ¥ thd? 1?1%919&&%“6 with
a preferre Pesent T nvent over-curre
cl assi fi catsé¢condarn sthintias srﬂnag@nmtﬁeyaradmmrablaed tahoepachier] wiich Bt Pqnheqt@rt her in
accor dance putf t?:e RLoeJe drhe Vi ’ﬂ% QI Hhlln Gectiv &ﬁ&é&%t\k@%ﬁi&iﬂg% deli&s
functlonallty noni orrng and managil ng po r_consunption during normnal
operation ifa mgbéi'qawnmesxwlscbmeffmtwclhéol&p%&hatwwn@ﬂgsrf@\m suppl y
distributors classi igfdeafeDfl BoRlfte Wi WChkrRfl LhSodikhh SeOihe PredeiS ONE

Rk -
of the follow ng functlona ities: Xt& the overa current exceeds a regul ar

overall over-current threshold for at |east a predetermned tine, power to
at Least sone nodes is either reduced & cut off aRer the predeterm ned
time, and in any event, the overall current is not permtted to exceed a
hi.gh overall over-current threshold, which exceeds said regular overal
over-current threshold. Mreover in accordance with a preferred enbodi nent
of the present invention the power supply distributor forns part of said
hub. Alternatively power supply distributor does not formpart of said hub.
Additionally in accordance with a preferred enbodi nent of the present




invention the internmedi ate threshol ds are defined between the regu:l]

overall over-current threshold and the high overall over-current t reé\Hgl d003
and a predeternmined tinme to cut-off is determned as a function of which of
such internediate thresholds is exceeded. Still further in accordance with
a preferred enbodi nent of the pr esent inventi on t he power supply

di stributor;i, v grt _a current | evel classification of each
node and ofm e](agg}\g/\?eaﬁruIb gd esa stcrorrnﬂlut"(%arno SN RGP B WSROI HRP Iy st em
Preferably WQIUdeslalcombmeF a~(p9%r tshyp!vdi e rdoliuoication cnrbémgatcbmectt ahﬂodatafy
nodes of an.JrmeRAtiGHcdHb | tionally or
al ternativel Y he r;ovvceor %ﬁgﬁf- lvE!”cfrws%rm ?E‘S{tggﬁer iolagsgé)r{dai’? coénqt"t?r ¥ Sstcfepaéft | east
one of full® éHEPCh@fo-VbﬁbteffGﬂﬁ'aﬂth@cbbérﬁ@m regthing thergia wordmadicatiotlemcéntrator.

i nvol untary power NESAOGIRIN QPRLAHILD- wilFUL !} r

distributor, is operative in axccor dance %&ta %g?gibg“rlr%?\,\{f ‘f‘%e&?o | owi ng
functi onal i EYentipm theihgb includes & dptp spmgunieasion mnarmrpm/ehe povei bupplyeligtipuiar as

wel | as theandi@dedl 2 potudiert 2ata E&wérssuﬁrw rtﬁ@cbrﬁmﬁﬁl@ﬂﬂox | ﬁflmk%h&@ts NREQSm
det erm ni n%gt he rel ati onshi p between the current tal power consunption

(TPC) to t FEMENRIcaan “PB?*‘-&F&*%%E}‘%%P'P%{BP F*tet"ydqsw)the qombmorrmsqsm%s
than a fir ghirt faajeleh whigplfidiger) Widek MOOFont PesdMifl kicOBA HARESARE- Y- one
on a priori t)r zedaxbasr s; and if TPC TPA is greater than a second threshol d,
hi gher t half %&P%™% r st threshol d, di sconnecting power to individual nodes
one- by-one on a prr cytddttiomenb br&&lceordahtbvwﬁra prdferfeBCémialinlesi: REUNLPRsaR d
first and ?rﬁt%gtlon sho ? nqui ring as to whet hg\rg a new node requires
power, and If a he o‘(ﬁ'g %Scfu?aft%go"?m P QAFPIAP His PRYE, TaPly disthetor
priority thnshidehe soebineoded iaspaveer rsepplyl, Sther mwdagorpeew&ﬁg cling&oMmeBith ng t he

| ower prio [.. and canne ti,ng t.he [iofi node to
power . FurH)t %uﬁggggcor%gﬁgé\ema? 8 mef & h@%’ Sﬂ‘i "‘g’fne‘t H‘é{“? edent

i nventi on s#iEbglensing cmplpér;lesaamttranbfutrm lqsscoommnaﬁadueodpbngxﬁmﬁt de at |east one
of full or no functi G overrrdetorndrvrdual
, hodes in invol unt é’?&%’&ﬁhé)?r@'g’%dé%g%"w%g‘é‘ Wﬁtre%%g Efredfeer asﬁ?yt? h& p%wer
suppl y di sP#f %tftaaﬁfowrs@p@haﬂ%a fantep@p etradaxm;la' thredf vidhehiétotht D@ vobjage is

functi onal bﬁdﬁcﬂeﬂﬁbﬂx‘é@éh‘&%@éﬂét@&l’!@ mF’Pdﬁg& (Qperation: sensing an
energency need for power at a node thereafter assigning a

hi ghest priority to#dAiopiyes emewelmltﬁ qomwarcatyonr eabling intetfine mclwlesha a

preferred Qﬁh@tﬁrﬂﬁmldu%f atl gyt %@sﬁmfodn@rv%tdhqg chi‘rﬁcté}%tﬁn ﬁtalpl?c' Heidhe3td 1 but or
at | east one Of or functional i ty oper ation

is operative to

queug cont?’gf“l“ed‘ﬁ’fﬁ?‘ 159Pft Wq WW*RP&%WP@EP%’S 3{3’6\?\/@@@%3’@@@@“%@@%@1 y the
power suppihy ek Sép&ﬂablﬁxﬁ)dmgssan@Mfcﬁtef‘fﬂtﬂvélﬁcﬁ&&@{ tﬂ@-ﬂﬁﬁwi\%&ﬁk ih Rk %rl 0 ng
functi onali.r qyt(‘ in lnvolbun 58" we gerrent gperation? initially

det er ni ni NG X RE" YeSEalp Hbﬁ%?t‘g AU vindings fofd}q4- as the total power that
it is currently supplrhengort othal éonﬂﬁﬁli%&;onﬁie:tamd@ RitérBed NEciiRRE af | sepesdibmd

mower < avel PABERE ] vl Bk o RBRTE BBal O ont e BN

suppl yi ng Mpborp@vtsrtheretoaddr ti onal nodes one- by-one on a queue-controll ed,
prioritized basis; L reater tha d threshol d hi gher
than said first thrash lt-wghyd}]saé%‘hr%aéﬁ g ?)o‘(ﬂg?mtds %'W“H | the

one- by- ondnysitign ﬁ!elcgmmtxmzammbmh@ inteldyue\iiydes 4 sepRalof BAnprisingQwo plirslof~t J~~
~~s~3 bet [ [ sho whet her a
new node \r/l%gﬁ‘ t?%s?’q‘ ﬁ% C%&'vgﬂgm%?ﬁgr}%e&wljg%gﬂéar eéa"rpr'{e]‘?sq%%\hrﬁecr%"m &8%"‘? he new
node to the bottom Mdﬂtmﬂxqgedemaﬁwyt the commuracationsia@blo inietfhcedingiudsh ar r ed
enbodi MentgeQfrath GndRiIES Pan%elf’-lgh\{a(?l@itngo& &cp lPs?V\ﬁ{d ?r'd?s?(lr% L&t L RULOT
operative to provide at [east on P uncei onar 'Fy operatr on on
a time-shdPHRIS ceYitori ti zed basis in involuntary power management ,

Addi tionally or al tﬁﬁtﬂ@#lh‘é&:loydah&%vrmq r&HQBL&duﬂE:ﬁB t'hpprtegernt fnéen?gg [ative in
accordance with the follow ng functi e[ In |nvo nanagenent
operation: initially determning the totaI povver avarlable to _it., as
well as the total power that it is cur’f’ently supplying to all nodes;

determ ning the relationship between the current total power consunption
(TPC) to the current total power availability (TPA). If TPC/ TPA is | ess
than a first threshold, supplying full power to additional nodes one-by-one
on a time-sharing, prioritized basis; if TPC TPA is greater than a second

t hreshol d, greater than said first threshold, disconnecting power from

i ndi vi dual 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; if a node having a lower priority, in the sense that it has
been receiving power far a longer tine) which is above a predeterm ned




Addi tionally in accordance with a preferred enbodi ment of the prese Et U
i nvention the power supply distributor is operative to provide adva % 6 2003
notice to a node of a change in the power to be supplied thereto.
Furthernore, the power supply distributor is operative to provide at |east
one of full and reduced functionality operation to individual nodes in

i NVol UNt ar y nPdMEspeRBINABEITRI Yhl1-AREiGHLi ) Bad J?é’eﬁfrﬂ%ﬁ@ﬁln%ﬁlohglﬁ power suppl y
distributor is . opesfl& ye i n_accordance Wth east” sone of the

fol | owi ng functional i Fhert i adorgrdanss SR A pigferere embedinenp gfethe aprasentabl e t o

it as wel | &awedtioe theotaalk 1mwefatzdstaﬁolld:rt a is@it€hl o BirinY cRLBRY, Yi REstidRe $8IE NOdes;
determ ni ng E@ a%’ | onshi the current total power consunption

{TPC) to the earr en e Al g‘&/@*}e"eéwf PN Egelye o popirol ’i“Pu"f‘PE}’ thpaentlieress
than a fi rswh@hreesh@Iaohonmlprpbyfrmgt}feubﬂsorpn\/\&ltl ab @ caidfdl inp@TRknm MOARRItEHIg- by- one
on a prioritiz , ater than a second threshold,

hi gher than 'sal \???ﬂsi{% C?*%rn%‘;sﬂpﬁ‘ﬁered féydtﬂgatﬁﬁs‘pé’ﬁé?wﬁréuﬁp di vi dual nodes

one- by-one on a pri oAfditionally iasicerdarcaneitsr 3 prdferie@CérBAiniest betme%eséxhe first
e e e LSS s S B ot £
node requi r 63t angdpahingeabl eaﬂ@fmémfamlqnmbde having a | ovver pr| or| ty than the

new node i s cur r ent | het R e BroVRUP I o<LAHHEL Dty AP Sl QSF gRT 1 OT i Ly

node and SUEP%(:%/t povver to the new node or |ncre3) ede r Snﬁono e 21

~1 ~~ RO IPFahiesnstivark iskiing @b, 2 pirality oifnﬂd%hepommuxawou dance

with a prefoalslrngdom&ﬁ@sﬁﬁaratumq{y dffasdee'i&ﬁ@ﬂ&b fb%fe&l&hgﬁ th Pcﬁnm%{m upply

di stri butor |soe? if? to provide at | east one i dced

functi onal iR/ EP% ISBIRURF PRFraikRtoguRiidr a5\eestrspre opesating doverdaat leasdeme i n

i nvol unt ar )of nmmrﬁ@nagamtvx@mr edrrflhicatdsd cdblifg Ak YpoRer ﬂp%@r rﬁﬂbﬂt‘é} y the
e fo

power suppl; ‘Qﬁn t r'erUté)nr er.at |!ve in accordance with OW ng
functional i RVl ﬁ%é’f 'bc\%?a fﬁanagenent operation: sensing an

emer gency need f or uaa.'cccad@ba/eith nErefiredébolifRhesTifiePresari %lvﬁﬁk'id?ﬁh@

Fovther
hi ghest pr iy over in,accorda
preferred e%gfjlarxr% ﬂ&n&%xxr%ptryeg%ver?s ?ﬁ}'@%@ gﬁ“{%& ‘ﬁé‘iﬁﬂ@%ﬁgﬁﬁﬁpm@f&. but or
i s oper at i WEnedss yiaothe Geme!tlm(caeemt cablires. Bfeféraulj the rpoived ha eaderhdhb Elinctib@dlityt Y
oper a#i On GéRiss Gaat I jot ar
Preferably the pomerrﬁés?’h%egdtgp PSS&EH” nSlknqrdolﬁs op%r'ﬁ’tdf\'lsvgpu\'qﬁer? rafgear'l’é’%'e'i/\nth t he
fol | owi ng fmanagementt fugetionality, senses PYeEuTERB sifugtionse endreifagie ener apmifit ason:
initially dgheigieni ng the total power available to it as well as the total
power that it is currently supplying to all nodes; determ ning the
rel ationship betweeftl rfé“‘éﬂr"i* @eordageen With oneprefrrds empsdingent (CTREBY gresetthe
current toinRéntipn ey PM'nllaﬂ@ehbﬂtyﬁjﬁchﬁ)lty bieralddGh TP AealstS ore€6tS tﬂ@&uﬂtaxfy' rst
t hreshol.d, plyin mer to ad |t|onaI nodes or additional power “to nodes
whi ch curr 5?1‘1"19 %@5?81 Gndid b YRILBRYOPRVES managsietie medh threferably, ipptleor i ti zed

baSis; if fﬁm‘fﬁﬁ\!’b@e@ﬁﬂﬁﬁﬂeﬂﬁ Héde of @&ﬁmdlfttmmls@plﬂlghﬁftort fagsgai d
first threﬂ&g}m ofml_lg.c S’g»%ower to. |%I vi dual nodes one-by-one on a
prioritized basis ower gvaifghijt X RoweLEangRaIsFon per thercommymiratiensond
t hr eshol dscabimaqtm the ngleqst dupplieh & rddREedanmdAN JTPdGer B I1daGSsoR@ W8 thhodds. Node

requires ew nagde requires power or a node
regw res a |h%¢nggeg}hep9§\7(/5rrﬂl’ppg%g'ftﬁ’ém‘?ﬁamnﬂﬂ‘é “t“(?mft??i "’(?B’tst‘?)H‘Fd‘Pd‘Esl‘Fé Bifue. ...
Furt her i nthem&ﬁPGQMandudedmvmrefoeered enbodi nent of the present invention

t he power supply di S eratlve to st one of full
or reduced functi on%?cﬁ@& grﬁco SR 3 R@fegﬁ‘grei"?'?ﬁd'mﬁ?ﬁ 8 iths PE¥MBasi s in
i nvol unt arigvestienethe M@lwagememr maRigementaindy of yerquionaeduedppivier diailabiliBlisor i s
operati ve fiihdRef R aBR G, Jld&c?{ achH/ovm ng functionality in involuntary
power managenment operation: 1n determ ning the total power avail able
to it as well as tHdoreeienin 2provdancetwitita prefeirs! anbodiarid of therpdeyt ingerition al |
nodes; determning the relationship between the current total power
consunpti on (TPC) to the current totalspower availability (TPA). If TPC TPA
is less than a first threshold) supplying additional power to nodes or
power to additional nodes one-by-one on a tinme-sharing) prioritized basis;
if TPCETPA is greater than a second threshold, greater than said first

t hreshol d) reduci ng power ~2 ~ ~ ~~~ ? ~1~3 to individual nodes
one-by-one on a prioritized basis. However, if TPCITP A is between the
first and second thresholds, inquiring as to whether a node requires

addi tional power or a new node requires power; if a node having a | ower
priority, in the sense that it has been receiving power for a |onger tine,
which is above a predetermned mninumtine, is currently receiving power,
reduci ng power to the lower priority node and supplying power to a higher




full power to additional nodes one-by-one on a prioritized basis; if

TPA TPA is greater than a second threshold, higher than said fi rstl 1 AUG 2003
t hreshol d, di sconnecting power to i ndi vi dual nodes one- by-one on a
prioritized basis. However, if TPC/ TPA is between said first and Second

t hresholds, inquiring as to whether a new node requires power; and if a new
node requi r eBe power nansbememofiactivaslitngnadudeswerleqat ioné iof Yhd BaRwidge anewnaode i s
currently reg;g,ll\{,{ngngp ; SYo{eTaly) ower ,priori node. fr.om power
and connecting the h gar,1ag mgp?{leoc%l ty%%%)lléfn'g ctaQﬁ)ﬂé\/\fe"rﬂne EhR t“h@?é%ln @ B dakce
with a pref dpeedgd é?rﬁé%ﬁﬁhseﬁﬂwebpw [ofes @r’r@@ewmmmwwmgmttmgmdpmﬂrvm%ém

di stributor dufeRMefi@idruRdlbaidQY 48 oﬂtreshﬁéliéiimtgﬂg%agﬁa {h%'!xlmrg r{l?ons d:ablm.rg

functionalit peratl on wWith emergency overri 0 T ndrvi

vol untary p A gertsrind ffsedfelipsdonrranmies sendig suithide figwbing mappdey to the

di stributor reotopedertahy Cepbhingd Gl GRAAHe WohikctRGo bl Aavidg nIaHﬁz%gx!ex?n@eﬂct y in
vol untary poi%ﬁ nmanagenent operation: sensing an emergency nee power
at a given ¥ and thereafter assigning a highest priority to the given
node. Moreover in accilldambe W bitofiaifeehanr £ Gr@dRadidBRaimed! of e RrE&EN

i nvention the di stributor is operative to provide at Least one
of full or ‘B’C‘F)‘t?m%‘i% FF‘%&?%%@F&WBWH&!M %d%hme|aéba%9veo?fltwf°iwmg

vol untary pdéwetiomshekgenentoltay &f ﬁfeﬁb}ey dtheh P@PRI ofStHP Poterdbupblyl Mbttibitod, S

operative i ance wth foI functionality in voluntary powef
management c@)prge%g(f P‘L 1 e it af”i’ dels é’}t?ﬂwﬁ?g‘btrf!ﬁguttwg O‘GE)W&C%W%.‘P’I"%!S’% to it

i n accor daneablipg mhheaabpmnecf unmsmrsxaisnomthpxreﬂgmgamtmabw&htb valse dfftie doRthad is pover

that it I
def1 erlm n: ﬁgﬁ%ﬁer%%&el { %gtﬁ' “.j‘?} ]pb@trémmab% reeSI(’S:"E‘?E}e%i”ggsocﬁaéf‘??#oﬂf@fw’%ﬁ%ﬁ%? i on
(TPC) to thareggt thergen from an exiernal sourcenifltbeibisolutg vAITES) the vduagacbaz%mahmss

than a firstpet fHesda yé;m, p addi. ti gnal one; by- one
on a queue- E:hgnﬂtﬂ?ol I eggd ppr?l orlx%{%b;%é&#géllds%v@l%n#g ? reat‘fmaeﬁ%fr 3ﬁd a
second thr eB‘HS‘PEPmaWFdh'é? afchpnves isi tehnghirted alpng te hod. (T,herdafsc cienedtegenapdplener t o

i ndi vi dual a@RaSar® RRasided A fe Qﬁ‘tﬁé’t d?'i}{eCHoWe} éﬁglalﬂ?sﬂbﬁtor %?"%ﬁevﬁleatt ﬁﬁc ledst Ghe! A 1S

bet ween the fijrst,and second thresholds, iring as t er a new node
requi res pobtefeteraingd iprogsamymakierrifirs based anrthe faveaning, measuements fhe stabiy ofdkie t o
the bottom ﬁl:fde hxmhqu@ue whﬁddtl it bohRadiddVard Her @GR, %&G&blw hddeferRInGh&H Jrafk

enmbodi nent Og@} inhvention the power sup CII stributor 1s
operative t t’éeég’ﬁ nglpdest lepsgiope Bﬁ"hﬁ@“?‘ﬁlﬁ&ﬂ?tmaﬂ?v operation on
a time-sharing, NﬂLOADtI ARHENa®US> VD AWND VAL ABSOR MRS VARAOE N8R ]2,

Additionally or alternat 'FFI) ?fﬁoiwr supply distributor is operative in
accordance with the i fol Mh‘g ctionality in voluntary power nmanagenent

operation: initiSHIORT CRCEITI NWHEN Vieut KGI BPANDOME ABSGLUEDVALUS O 10 B
accordance with a power consey, as well as the total power .
that it is currently supplyi ﬁ{:} ?%kg‘ﬁll‘plﬁog%afn determ ning the relationship
bet ween the cur NSGLOAS alWESM&ouTd rsaNDon (TPC} to the current total
power availability (TPA) f st threshol d,
supplying full power to a Afgona[ﬁ%‘éﬁgk%%ﬁow%@ Wa ti me-sharing,
prioritized basPOL LOGADPWHENM VoetTHr CRAND Vhel2>d 5N dutTireshol d, great er
than said first threshol g}ﬂ i vi dual nodes

one- by-one on a prioritize as%@@&g&g%%?p%@gﬁ&ﬂl s between said
first and second threshoerEAEWrﬁW@gQFdOWﬁHﬁm a new node requires
power, if a node having ?HEMVOLWJ’T’E% I%{Ed Florggssense that it has been
receiving power for a |onger tine i'S above a predeterm ned m ni num
time, is cUf¥€ntty receiving power, disconnecting power fromthe | ower
priority node aRCN@QORQ%hd?t%n |sox§eh§wmcggﬁéde§§h&rob&&é tswﬁ%e]& egpover. Still
further in accordsg_Ince with a preferred I ment ? resent invention
the power suppl$ M&RT CREUT coadiigneis ane ewhish prshart d@uateﬂseaistossnwnwfs full
and reduced functionality operation to individual nodes in voluntary power
managenent operation. Additionally or agternatively the power supply
distributor is operative in accordance wth at |east sonme of the follow ng
“functionality: initially determning the total power available to it in
accordance with a power conservation programas well as the total power
that it is currently supplying to said nodes; determ ning the relationship
bet ween the current total power consunption (TPC) to the current total
power availability (TPA). If TPCTPA is |less than a >;zrst threshold,
supplying full power to additional nodes one-by-one on a prioritized basis;
if 24 ~ ~ ~~~~ ~n~~~ TPC/ TPA is greater than a second threshol d, higher
than said first threshold, reducing power to individual nodes one-by-one on
a prioritized basi S. However |f TPC/ TPA is between said first and second

o v

=




adding the node to the bottom of the queue. Further in accordance th ?
preferred enbodi nent of the present invention the power supply distr Hbor003
is operative to provide at | east one of full or reduced functionality
operation on a tinme-sharing, prioritized basis in voluntary power

managenent. Preferably the power supply distributor is operative in
accordance with the following functionality in 25 ~1 ,~~l~w ~~~~

vol untary peieiegiRagedi®its TRRIAt uftrean bf the RIdk Yr idefe@bdd Ni Ng the total power

available to it ance. Wi.th a onse i O ogra as well as
the total power ‘%‘W?&I‘ﬁ&??@m"f‘éﬂ?wn g’&\gﬁﬁﬁ lf&‘teéﬁt"“fe %{5‘8&%‘3 traﬂ PEFR®ni ng
the relati on@mﬂ@edaze:rm&nlmhatmmnent total power consurrptl on {TPC) to the
Current Lot PoRSoray kbl is P wiikif o BRCL T L ERRu Bl !

t hreshol d, supplying ad |ona {0 nodes or addi t1onal nodes
one- by- one e#os theilme asthanddeg, pr| or| t| zed basi s; |f TPC/ TPA is greater than
a second threshaolal e I I ing power to

i ndi vi dual nodes oﬁé&r‘%ﬂgﬁ%ét %n%gtp%ﬂf%re %b‘inlétes(ﬁp E}{aog?'lsm f(Q/’\./eﬂgecei}rljlg if TPC/TPA is
bet ween said fir¥t lsaﬁd’f%ie@@medt pregrammhie valie gichiingrrined atobvmeashiéng Henode
requires adgihdsOpadc RAVEhs Obitade r\)o@t)’Vfd}‘OadSerfoQCBf'ar B3 RARE  wieh ;ﬁw@:oﬂen&’av' ng a
| ower priority, in the sense that it has been recei ving power for a |onger
time, whi chtri‘@m&“ﬁé@é’“&fhﬁﬂléﬂet ermned minimumtime, is currently receiving

power, reduci ng VIOWes phe@etbfnddOpiBdrarimitdd krihye G@QE iR RSvG&URPHY meBuiipae to a
hi gher pri Ol;g nIode Pr ef%rab{o}/ t he powe E‘P&% di stri but or mclﬁﬁges a
power nmanagSREYi(Vake OfNplage VioHs ‘f’dﬁ“ tehhed PRWETIS Fof sy

suppl i ed t oalsrrth®lite MmAd2n vib doall I”Eﬂcoﬁmfbi:tﬁ@ém%t sRbVoRGt thedtipht ofsad | y in

accordance with a Pd% elﬁl &ﬁw iment of the present invention the power
suppl y di st?‘?“ffuf"@?yl TR dor fragenent wor kst ation which is operative to

govern the oper &3 Bma pﬁedéthm:xpdvmcgrama:gem wl?iclcdmirmdd aurbyt medstirtigethabl y t he
managenent JS(‘M% '\%ﬂne vveorltns ;, nfgffrm lI| | w ower nanagenent &
control uni TEoVer T'n ac ance Fﬂ & pri&vefid o0& ENt St the
present i nvieanshigtad alheg qhghmandwhagememn@:wnmmﬂ betwedn %nmmdl-iiattesthw th

vari ous no centrator thereby to govern their
current mgﬁépo éﬁ%%ﬁs{ggﬂj E ﬁltéﬁpdlﬂ?lﬁ%gcordance with a preferred

enmbodi ment of t K& pr es@met%medwtprwmvélepwm witigh dig eniefereblg, ardyedr 81 biuni t

conmuni cat efea¥irinB et Hék’c NOARS o¥ ekt wmﬁ)‘r E?r&'&%%f% WihéBs Wied pdR&aeed at
t he nodes anecil argte lg[{ Spe d for c(;)ont raol ling et her fgll or Eartpla

functi onal |rt°§/tf?f§mﬁ'fe6ﬂ°a&@eﬂlheew\éa’fhen qusasqanqemonweﬂ Retyenor \puhad -Xpytist a

preferred apbasiuiBidaidiowehRppy 8R@BLt BYABLALON t he power management &
control unit ses(ges that mal ns power to said Eower supply distr.i b%it or is

not available a ’%%Wa‘ée‘eémﬁ‘ﬁﬁ?r%‘lamﬁé@%&ﬂ%e paich srpEssentiidericl Jrepf Xalee i n a
backup. or refotcedvhiEEbdOBsHRr supplgicemmbicys dgeRtigiede i ncl udes essenti al

circuitry, whic th f functionality and reduced
functionality ogg?titll‘sgﬂb"tﬁ‘ﬁ%f“ﬁgﬁtaefogémeulla{r circuitry, which is not 26 11
A~J ~ Q003 requmeﬂ"’ﬁstom&ﬂmedaﬁmcﬁndnmarrety operation. Further in
accordance with ut% rEedaserrgg thcpt o.[‘ .the present invention the node

i ncludes a switcR arid & C6REror % é'?)% rolling the operation of the

swi t ch whi ch sel@tthdduyren flewigastht napun ofthe paen supaly disiribater faryhe liRe;ef er abl y
operative | o renones® pliBRHRcs BB lm L ARELEE Gl BOMe Bhifluak | o

al t er nat i velisyribuies farghidinamy al so i ncl ude a sensor and wher ein said

Frther in socorainbl gl PAPaGuG Al QML f SRELYE vy WABARL N0
t he sensor maEHEs peak\sluenfdhd enpeht 16¥ fop jagpetiod @faa fepominptep &thag) pawppk ineld to t he
pOWer S UPPledonsnlitic AGHGITRE find 418 A3 oo S onREAA Of 1R GG ESorIE Aok Ghpply| aNal

transm tted_ thereto, VI a the communi cation cabling P{?omthe power supply
di st ri but ordistributor for the line; ,
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Still further in accordance with a preferred enbodi nent of the pr se PG. 2003
i nvention the controller receives a control input fromthe power

i ndicating that nains power is available, it operates the switch such that
power is supplied to both the essential circuitry and the non-essenti al
circuitry and when the controller receives a control input fromthe power
supply indicating that mains power is not available, and the sensor

i ndi cates that s‘gﬂ# iaciiredetenpiowk progsmansdiel wibleewhicia it Iaviv 10 BANbiN in8dutind) She

cabl i ng, thgiganh e t hat ovver pljied to
both the essentr al E%%ﬁ??ﬁeﬁ Igjmt %ng%ﬁiggﬁ%@gﬁt h%ﬂ Uity nOt%rli-Brl n?er ably
the contr ol &8 theling "’U‘és}”h&“éé?ﬂsrame i i§prected W?%é‘f@@ﬁ/\ﬂlﬂ 's!erppit shejontditoadt i ng

that mai ns @RVRkver SipAQtisBIbaol APILE 42 the power supply, and the sensor
i ndi cates that ﬁrffr clent power is not available, the controller operates

the switch such't Faf PEAEGURIEY posermrile @ysl videh i arrivedi YhRys megskiingr they t o

the essent imixifih Qéik valueBThhé f:ur%ﬂﬂ[@ |f&na'iberﬁQV&ra i@@m?aest vbﬁén pRAHIS gfl Dy the
essential circuil s .al so ilab is suppli t he non- essentr al

circuitry VAP 8‘5 g‘\%’% thp lin ‘E’ °8r{’éfl ’P%fi ‘6r°°‘5‘|°‘f‘é‘r ﬁéf"f 9‘@"5‘/ °fF’Pé PRBRN 18P ng
circuitry rdssbwedorahalier | nput indicating an intention to use the node or
a control .nmessa Vi z(gt he cqmu ErT,gatr ons cabling, indicating a need to
operate in a fu R Mol |ait§7“ de and is responsive thereto for causing
the switch to cHBXis#imdasnederttneTAyabdy t o operate in a full-functionality
node. Moreover id‘rﬂ?ﬁ?ﬁ;@é‘sﬂ%ﬁu"}‘rﬁ hPa preferred enbodi nent of the present

i nvention the sensor senses a Vol tage | evel of electrical power being
supplied to the at |Ruaber xmmorpmethbarppfeyred Shbddhmémbﬂd‘me;rresem ineatiorciBeice Wit h
a preferredg t sensor semses a control
Si gnal trangraﬁg??giéé ﬂ ?%E’%‘W?%ﬂ“ﬁﬁm ﬁlh‘igi\réug‘}grt %6?1’% °8§ 'Tn?ﬁﬁ TSR PPWEL - G

~t1 03 fromePMemptinaeurisgiprmpl aperation dompeises sl ciromafor gech nodecBrefedklydhe Wi t h a
preferred amRasiagNior thon Pl SEilaghB YRR WhekhficACHAE  oRHY | b LTS
essential node cirfcujtry tia e crrcur ch al so
i ncl udes affPRRISE F5n5IS r?BHEm cfP'r P;aﬁh tf\°9° Wt&?ﬂefdbdclechﬂ@meessEnrtthemwrndu%
circuitry &)Mcﬁ&ﬁhty'?ﬁﬁfr&ﬁt@ﬁﬁ ankd3in Bdbek nsﬁﬁﬁ%h%ﬁng%oﬁﬂﬁtc%gﬁtlémw from

the at | east one power sup i ndicating at mai ns power aval | abl e,

sai d cont r 85¢ E‘F’“S%%ﬁ“ﬁ?gesuf{e opcaghpyde gpd Fmeﬂes peaEAd(chtyent withiprogremmAblyt he

non- essent peletarafied eéférgnbe vilMesFoM caélingUch t hat power is supplied to bath the
essential node ci rcrﬂgé.r.ig :@nd sai d .non-essenti node circuitry and when

mai ns power- is not “GHPTEIKIB {FYdanGe Vith pepye ”Ef’ném pesiasnt sefp BleyPresstt ¢ he
sensor i ndinvetties etdhatods mfasrrbercasuifqamueremg&vavamieﬁbhﬁex\zm&eﬁtr& oAU Mhecat i ons

bl , 1 t t he od t tch and
the non. esaarrart AsyHeu R RGRER v e bk d8eBefir *1's supplied to both
.the essenti al nodeMormenm agcordamtewme arpmfemsbﬂmt)dhmlentmﬁdﬁ eéseftinvdentjon t . .

Fur t her nor g1 34 %‘Parsﬁﬁ&ﬁg 1 YWehBesPac AEST S5 Sret ot t he gcmmg f‘@’rﬁ?ﬁsﬂgcﬁPRﬁ eagtgnt

i nvention the contro ecelves a con ® one
power suppmpde, ple¢ponaederapd idvapoweninade. povner i s not avail able via the at |east
one power supply an s, t uf ie o not

avail abl e, the cont ?‘g} Hnégqi(r%g olrm}f g&tgss E rrelsd mf; (eémccr% Col%l %ﬂ{eyprgs\?\nmtch such
t hat adequ‘&?@“ﬂb%@rﬁ-‘ﬁﬁow i monitering atd ghwging poiver cmyxn’tpuon deringssemeli al node
circuitry @%ﬂmbﬁ 1s%‘3 Cththe Q0 En rQIQ‘(\;EépeQﬁgr?Mohga({las&g%z{srb@ﬂ%gyer-cﬁrr%t Sigpnti al
node circujitry o) avar non-essenti al node
circuitry %4 °§ é‘i '&"-‘ﬁ@ﬁé efsthe fllpwing rfweor@ihtdcsuiftquye@w gahde prseess\aeresylsr

accor danc eovet-tiliredt threSHoRf fofsl l&m%d@ﬁﬂﬁm&}fmﬁ@Fo@ér??ﬁr@ttnohgg%m6@511&m:e node is

operative in one of .three nodes Il _functiona when both the
essent i al BIFFiCHBiRed dme cpment supalied te pmeds i pgr P&f‘@“@ﬁ)‘ére&teﬂ/ehlgﬁr?vefﬂé“ﬁ@tr al

functi onal thieyhotd) dfd Whiet blecin@@feanlel BlesiROR dehifdAUelvwedn b Se R RELNReRNd 2

sl eep funch qﬁ@{rt ngqv wherein at |east part of the essential node
circuitry s ?f%é‘?‘ gﬁe"""F&‘Ffeﬂ'erhfF%h"’ﬁc‘t'Gri‘ia"ﬁ@é‘ew“t‘%* Hmpr 1of @itrofis

enbodi ment of the present invention the power supply provides limted
back-up power. Additionally or alternasively the power supply enables
intermttent operation of the node in situations where only very limted
power may be transmtted over the communication cabling. There is al so
provided with yet another preferred enbodi nent of the present invention a
Local area network power supply distributor for use in a |ocal area network
including a hub, a plurality of nodes and conmuni cati on cabling connecting
the plurality of nodes ,to a hub far providing digital comrunication

t her ebet ween, the power supply 28 11 ~t~ ~ ~1~03 distributor being
operative to provide at |east sone operating power to at |east sone of said
pIuraIrty of nodes via the connunrcatron cablrng Further |n accordance

I Y L oy .,




invention the power supply distributor is |ocated outside the hub 03
Alternatively the power supply distributor is |located partially w hﬁHbtﬁ%
hub and partially outside the hub. Additionally in accordance with a
preferred enbodi nent of the present invention the operating power supplied
by the power supply distributor to at | east sonme of the plurality nodes via
t he communi cation cabling includes backup power. Still further in

accor dance datethined araemhéredvﬁm%démmerﬂédxitbau&h&ései%xd'eéu\é@nti on the hub
i ncludes a data co ni cati on concentraf or power sup e/{ldl stributor i.
1

i ncl udes a combi ner ,FUSRY ' HECTABKAHIAR & BEfeBRY %‘B‘Eﬂdi"ﬂﬁt E@h‘h@'&%‘ag YRRtQRARS

conmmuni cat |fmuem@em mh@crnnglaad hiaeagﬁ@rﬁmmebodsmn@ttw dﬂﬁﬂ@ﬁorrrM) beRAtRA i$ N
accordance wt

i nven

o udes o el Bl b SeaTot oo st i S PaPRRER R PR PRI Ldhpl y
di st ri but orleass oad 80 tHeofolivweidg Vidchomlitidse whithin. aS’eiaiN'elyf whidrh gredéterméred ognokanc e
‘é“h a prefi g &’go SRed) &‘% U@ ohifi PJ SGih Méé{&%&m%ﬁ t&ms Q. teh 3‘9 Loties a

ata conmuni cat 1-on concen rator and ere| n*sai ower suppl’y distri butor
is also | oclad@dedm?@msntqme,mmiﬁn@mmkqmglsn@emmas@ppl y and a conbi ner,
the conbiner coupl i gy PR h' RRdkdg. Rﬂéﬂeé gy@nw elBodifiEnt COMINpehd ON
cabling which also carries data fromt a conmuni cat1 on concentrator.

. Pref er ablinventins, thelepil aesa netwerkinpludesfupdtignality foy meniterngpiverald cureeatfovpes whi ch
I's -connect ggighag: i BarRid] RiEraP burkeRCARPINGT of tidRodes VB drAAldeY id Forteie@r dance
wth a preferred enmb nbodi ment _of .the present invention the combiner includes
a plural i t yherincBupyeelicureny flaw s eampried ithia programmably e&‘éﬁe’@mﬂr reAcsi ng
connect ed Vilge, aanfi'dnttﬁé bhs® ammgum,,sans@fx thB §oReMSIppRUBIRkMutol Bkd Merdvaese t he
conbi ner ma i nclude a pl urfa of couplers and a plurality of

filters an 'ﬁ‘eﬁfﬁl“%ﬁtf’?&? together Flasif! FINGPYEHEUTNHEf "Rl eporting circuits
(SPEARS), each coupladéitibityngn CREGIGMEL hithi & prefbrirdd embainler? SPHRARreBntan

tput of th |y, iti f d
embod nent RFepR dRsyEEERY sholindeneire meRPoad MR tbitsBiebr i ncl udes a
power supply, and t Bgll fomer m;L@@r@ancmmlthdaes;)referpﬁmnbddanémrﬁ the ciiresont
f acl l I't y %Q'Fnt{oﬂ% tl:lle f{mctlon hty fo:3m§{lx{onrqlg F.lﬁir !E‘IDH owgrcgor gﬂfg) lgn \MIIIH{QUI?O Elef err ed

enbodi nment inven e 'CORD i NC es a plfurality of
coupl er s anperatiop Iismpemﬁﬂteyo ofntrbi the meaxloreefcmwsoupblerdlstréxumgs dowifietscitingi a a
filter to cl udes a
plurality ggbrg%&ﬂyglr@g g&r_;,g%f99%%{%%‘6?%lg?llog&]gfgé%ﬁg&fnxgw?f ﬁﬁrgg&?fgyrﬂg? smart
power al | oexfesdsa f%kﬂf ewepd WWWQWW th@tﬁqué for mg))l’ed@a@hﬂeédwpﬂ BOWEER fig

connect ed yhq sgmd hadt:sers eRiRkd reauéﬁ’%é\&tto@f A mwpﬁuahemmédhﬁneowrn any RBdnY -

Mor eover in accordance wth Fre erred di nent of the present invention
t he conbi nB¥ qvFal Geresst is nor peraitied yo &rceedot B!SB r°§'°f&%d"’%f'cﬁffﬁ‘?téf"ie§*59 idg fWhich) ¢ or s,

each coupl efcedt sdidireg QRGeS i uitrent thiedtbRI tO an output of a power supply.

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 the conbiner may also include a plurality of coupl ers ?nﬂug n
plurality of filters and a plurality of smart power allocation and ' 2003
reporting circuits (SPEARS), each coupl er being connected via a filter and
a SPEAR to an out put of the power supply. / s i. Furthernore the conbiner
may al so ‘include a plurality of couplers and a plurality of filters, each

Nor eover | o acearaer 6 Seatife Jo pbuy GrriscprtoaTHEIR cesset habpresohtuivent  on
E Ee power stbﬁ?PyAélﬁix:cInqla!lbgt d_temﬁs‘v@péieaabivm&tubﬁ [arsgmugl)e ése({p_@,gggg tf%adtr%\p&)e\é\ﬁr_ ?I Iong
e comuniieai b ARl i . ccepta .degradation o e digita

conmmuni cat i on.geg}%gt':cppgr i %lo\zgfé%oggsalﬁgggwtp g "ﬂfﬁ@f"@?r“%@fs amtyalumem powert he
present i nV&E r3®fhmuni cat i on cabling includes at | east one tw sted
Wi re pair connected f@anh&aph A LN power is transmitted over a
twi sted wi rlestpai r ?I or% whi ch g‘twgmggmgﬁ%%‘b{“ﬂgﬁs?ﬁe{afléfam zppcgfi@'c%_mltg & he
power sulppli? dPE P H’ﬁt M"rﬁcﬁuaﬁegaféy-prowélw deteppibingitiiet tetaf e ahdatle RONET
cConeent rat o i .t he. ooupy @ o B CARARE SShehif HEYR JHaS: “HrmERE ouer
supply int ge;l%txgg%iq R%Y’%H\QE" &"fﬂ"ﬁ?"éﬁ' PeYer ghasumptiaar ETPENh the mintnérmltdtilmo%r snar t
power al | oewilatolity aTB AN EFOTEGMBA Cik &Y th § FREARR ch f.ilter bein
connected yif; 3. SREAR t(r)b an out put _th th_e%[:;)ovyer “s°6°g§r’§;°_lyﬂ,l%’dd‘ﬁ[ iPEWEI ?‘3/ in
accordance W th a prefery@le 8k FaP At basts: anddf FPEF@ALIs presternthiromsechel

corrLruni gat thesshald b highey thamlgameﬁrs?tu&mmt_ ftdiggem;ewi,g g{;iwgyi {Oe g%\iiéuél &ga?nsect ed to
each node rei.,n_power, is. transmited aver a twi sted w

di fferent gggb%@ﬁgg ?q?rgoﬁég%h}faéﬁ‘ HEYSH &f TEGHEAis beuecnmsidelsernd secamcor dance
with a prefhepiols. aatioud aewtwiethet baepnodeebuiled poWd B it 1S HYR4l Peﬁhi}fe%es a
poner SuprLy kel paR IR IRl prbnG 51 ¢ bt o immrenrecoiingaiobieng
connect s t4HEORAE!REkorm mrivrityomde GnmeoweRdnd onicatirglif: HRGHER bri FPRJ,&@ gpnterface
to said ng@aes. and the power 30 1 1 AU (; 2a3 supply interface includes a
plurality of filters and a plurality of smart power allocation and
reporting circuits fuspkEaRecrordanse with & preforred enirglient BRES Rebeii idveRticiIEAR t0 an

out put of poWer REPETSHRRYis opbiali u ' ccordance with a preferred
enbodi ment_of . t he. present 1 no\?er?%l%o% %rhvg‘%ﬁgbgf‘%c‘f"ﬁc?ggﬁg Of 2P fupgiendlity cat i on

concent r aBF P PHEH eRERency, Gperyida tosindivigual grodesric | indbbmtasy pONd Makhgaitglt 4 pover
supply, t eperammmBrefestiy ehe Sakdrl Rgpl¢ YIRS | a. conmuni cat | on
concentra}-oql?wylj g, b e (f‘orr.bi,?ler tog}%ﬁelnodes,'gt grqg%e nlfm'lcé;n}%ia?lc(?l Tt dhey
plurality m(;g lfcgupi’ &SPl involiniATy PPYS) rephagementeorerationd sensiigUmadnietgengf  Smar t
power al | oediforpowana a grpoidde NEd SHefeafidr bhRioh I;ﬁg? h, coupl er §6i ng
connected via a fil %’]%é a]d .a SPEAR to ,axr% ogtfp l%ﬁ?ﬁ’éto%ge Srendy %I y, and
each coupl er has at‘\_ Y (horpyrnge Yiied arefpeds kmbadimamn nefcthe dpresenia por t. of
the data @gemtomitieapiven soephc aisiribatopls eRATNR HoRAL apje]gmng he ﬂ';]% cenpect ed,
via commu ,g@%gy (gp%glt.brpg etc_) one, f the plurality of nodes.
Addi ti ona % I N ac or dance it "ar EFFY et deNsbutanemowst wmiregpnesent
i nvent i onPEli@bliuthe | poolet damlya diia-tbato_f:omuwﬁétih%c@r@ﬂﬁ@%ﬁzahfér follBPﬁ: power
suppl y di fahdtioRdiiPln inQSﬂuhig@S o%vegorgbl ner, a mgnagenent and contro fnit and a
power sug{zl&y, t e communi caki on CAMTEY RsrHet: isidally detemnining shamtatilcat i on
concent r d°8F" FHeine & enbeihaes theaothgowendas it it BTy RipRBing RCAUSHRSs 2
pl ural i t YefefmiaRythe rdaBRRG; ality of filters and a plurality of smart
povier al |l ocati og and ?teg%f t f’ﬁlé’%c". lrh3u°¥¥%“t (EPEPOYy copsymption, (FI@r tobthe ng
connect e Y tefalinomentvagabilitn (BRPHAK TRE/BRA BUES Whanof filsrddBNE " sugpifiRb Y. and
t he SPEARull $o@BeidbidiGonall RodeE PRt VLG, the nmanagenment and control ™ unit the
current fion of & noge ég%tr?r%tgg ed atHg?“&%B'_‘“O@P‘f’HP“OP&F?%é?Sﬁ; nif
accor dan 15 219516 thap mesgeaaditreshaidntigief titah saip et elttshblly eBddnfdkihge hub
i ncl udes pawetatoain@iORATAI MR b bCHACENL T L g the pgwer supply distributor

i ncl udes a conbi ner and a )gome(?pétfg%ﬁr/ ed Bagis ¢ Wﬁf’dgﬁ%@%ﬂfi ng
connects the data conmmuni cati on concentrator via the conbiner to the nodes,
the conbiner includes a plurality of2%ouplers and a plurality of filters
and a plurality of smart power allocation and reporting circuits (SPEARS),
each coupl er being connected via a filter and a SPEAR to an output of the
power supply, and the SPEAR is operative to limt the maxi num current
supplied to a node connected thereto. . Still further in accordance with a
preferred enbodi nent of the present

p—
*




invention the hub includes a data conmunicati on concentrator) the1pb\r%h3 2003
supply distributor includes a conbiner and a power supply) the

conmuni cation.cabling connects the data conmmunication concentrator via the
conbi ner to the nodes, the conbiner includes a plurality of couplers and a
plurality of filters and a plurality of smart power allocation and
reporting 31 11 Ae. |~ ~~~3 circuits (SPEARS), each coupler being

connect ed \etwean f4id first argrrdcond SREARIS, Bqaining as Puthetibr 4 fee nodeveenuisappvsr, and
the SPEAR i ks nnected thereto
di spl ayi ng ag(rjrg%\?le?tghér{ererga re?‘lgd ‘9| T &:ﬁﬁp k?‘f‘gl\?\?ﬁqg g{’)“sog] &?Q%u&rﬂo r ammabl y
predet er m ned peri odughenip pgsordagse with én@lqufﬁdremb%fem d%th‘tﬁfewttl‘?i’eﬁ“oﬁrt@f erred

enbodi nent plet BRPRT EKEBBLl RVEREIRN RSviakDy 16! ddest @i datd mapBMbL,cat i on
concentrator, the power supply distributor includes a conbiner_ and a power

supply, t heoPEiaRRATiAtHRS- %rl%arlrwgedchsﬁﬁébwolt"ﬁwaa‘ra %ﬁ%ﬁrtcaqqﬁma“y

concentr at Qi aitérﬁatf%l tE&B&bdﬂ%ﬁpp‘l;deﬁth&n&OQQ%cra&sh:em%émdaﬂ&rwrkm% YelRSvirdy
plurality ' of, caupj ers and glurart

|Itersa rgluralrt% of snart
power al | odunctiong! Yy AP | RO ST MRRAGEPENt (apSfBligss) Inttigly dgteriaisifg) WF P Hyal
connect ed \po@erdavhildbleo ; 1aa:dwal SRAR Cpoadér Hat pud c@rfentlyhﬁlpﬂm o sllppdey;, and

t he SPEAR |s operatjve.to mati cal ly di sconnect power Ny de
connect ed t ?‘8?’83 es[ﬁlaévpsﬁ gﬁﬁw‘iﬁ{}é&c ﬁ%/’?'@ntm o< | ‘H“'P?ﬂ"r“o@imﬁg %ﬁgpse of a
pr ogr amrablcyrremt totgh pecrert mﬂabneyj(m [ Iﬁd‘PG?TRA ivElesa nighn taofiratuthrestiald] supiplyyng

reconnect el her.eafter nger . di he

over cur r entIERAYR dfBE Rhock ELGRLS 8 2 iElnpdnal ot e |ORCHEA L

enbodi ment goftet then prswedltthrcShMé,rgrcatm thah esaidUfiysti threshoble dis@nbating moovendimincat i on

COnCEnt 1 al HaiyidlFaRle sSUAPLY el O UGk FPCAPRA TG e POWeT

supply, the connunrc ca connects't communi ca

concent r at énd vmdtﬂrreshe@a:bmémgta@)wmthnww nad gequinsipowes if |ar¥edm@e@ga

plurality fwef BHEE S taRehsenad .pralbrénxe&iwt Jvfer ramga nmeumtn fsBéb&fe smar t

power allocation and reporting circuits (S , each coupl er_ bei ng
connect ed ¢iPEedgtermineddpinimipp GmEHEARCRLl T4FRIHDE mwer Slisconrgctisg pavertpIb e~ and

t he SPEAR ud%rpﬁki?:&)d@ldﬁd&ﬂﬁecﬁx%ﬂﬁaﬁgﬁwbﬁ&n BRIy fowest VOl tage input Vin from

a power supply an erates, a Slgqn E%W%; tgortr onal o t he tcurrent

passing therethr oug ‘&H’d‘ % A PAneS With @ pr £ PQ?I“%"“Fé’é Vimgthe

fsr gnal fromvemien che]r;rowaf s@ﬁl@slcsrnbamd:saipa@nree@qmvrdagda?nwﬁ@befbcaenadalc#fage Vr ef
rom respectrve reference vol t sources, t.. re e, r.ef erence

Vol t hge. SofPRES LR TEN GGl HBR Y AR e dsebunt pe SHTCTELE! ve

control i npparawé rt@monmagmrune&fammrdo&edmed mwcﬁa;alnﬁddbfmmnal ingividhd out put s

of "the nultin arators u dto er and

swi tch whi c?'n °F lé‘c‘'(3,\|;0\Y/“é‘gar3( P|°pr%)man m ° ﬁ‘°§.§ef?’pé‘yg"r? powﬁrsu gg{r;'%‘a'!ﬁldggr ovi des

a current - bpenitive th aamrdagewﬁmt peadt sc\!mnf thaollowieg fupctensling igutllydeteriihinghe

conpar at or t t t.r Ql ve as
oy Cor 1 gt o are RS i I PAE TR ccel N R ol lp Mo S F, 0

t hrough t haodsREaEmiting rrre rrlwpnsn@rbemera@e ovienhotal mvren cepsipnpsion  FRG) teHSodi ment

of the preggnh: e go&erjavarliﬁ'htty (QPA J. W/PREATBA i h":gs AP 'f N i EURSId 2Bl fg

conmmuni cat 1 on concentr at ower suppl.y distributor Includes a

conbi ner afill PawpiGRedditenshyioges qnﬁéy-ermﬁmr@awqgrbamm TReGTRbisreeretes thapa dat a

conmmuni cat kRBhdCAHRGEN, " RERF tP{dnasaﬁchﬁrSPQlﬁméh@ﬁir rbficih) §oRRd RS ind@idhal BdegONDI ner
i ncl udes pl uralrty of coupl ers each of which includes at |east a pair of

t r ansf or nePeebyLReRN Hanﬁ&edabaéléd{OQ'qufalﬁ Ta‘RC/EPéerédwtmw then Efsk 3pd \ﬁe%?"s\m ch the

DC vol t ageiréhdi®dink@irif QJ"to‘Mh'é@nerOj ne ok %q‘:‘uﬁes%vfer SONRSAE rQMirdshRd R0l
Additionally in accordance with a preferred enbodi nent of the present

i nventi on PRECHTE I fHAPYdede BaHST BOWSS Prdrda rrairescdfitian payerand (400485 er

supply di shdvidgltioweripi6fittdies th new ibdeNSéurfitly RcdarPpovier Peduying pdreer to the
connunrcatb n cablrng caﬂnects t he dat connuagcatron concentrator, via the
combi ner t §WFhETQTRY adde and Fuplying. aowsT e ths A g °rafn‘5F‘i:°ﬁdaP‘?vt“'§ R 9¥Gpl ers
each of which includes at |east one transforner, which is characterized in
that it includes a secondary which is23plit into two separ at e wi ndi ngs and
a capacitor which is connected between the two separate w ndi ngs and which
effectively connects the two windings in series far high frequency signals,
but effectively isolates the two windings for DC. Further in accordance
with a preferred enbodi ment of the present invention the hub includes a
data communi cation concentrator, the power supply distributor includes a
conbi ner and a power supply, the conmuni cation cabling connects the data
comuni cati on concentrator via the conbiner to the nodes, and the conbi ner
includes a pair of capacitors which effectively black DC fromreaching the
data connunrcatron concentrator StrII further |n accordance mnth a
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Additional ly in accordance with a preferred enbodi ment of the pregenty, .

i nvention the hub includes a data comuni cation concentrator, the poﬁéw 2003
supply distributor includes a conbiner and a power supply, the

comuni cation cabling connects the data communi cation concentrator via the
conbi ner to the nodes, and the conbi ner conprises a self bal ancing
capacitor-less and transforner-less common node coupling circuit.

Pref er abl y Tegiriggadditiosalppiver. di stri but or i ncl udes power managenent
functionality. 33 i1/ R rary L t.anal h r_su di stributor
may i ncl ude a power na%éégkéﬁ? %?%é%?%d%gﬂ%i@¥$%?§ﬁgﬁﬁﬁ$f%r@pggdxﬁgﬁtroIs
the power sOPPIFEHRe PEWH M PRIY SisHibHIes isvaparativretoquoniderit trastionn sf il luk iradgced

Fur t her nor ehuidiondlopfer&idARlih Ghakdnbh Bl o BYinkiJel 419844 i%ﬁ%%@ﬁ%gower

wor kstation which is operative to govern the operation of said wer
managenent "BEPREHICPLIPEI#PR Additiopallyansitemtively sheowammspplndistiibatopis epestived

enbodi ment inhcchRianddAESEME folRWETR fudiohdIBy PR r ' 'ns the
operation of nul ti&éo ower &Bnagenlgnt ﬁy& coﬁ?%wg%‘%@s@%@eg?%%ﬁgﬁé he

| e
pover ranad@RER A EMERHPLME fPT POYiNH A 50 9diiang thesgafien assigmiog: & highesh a dat a
conmruni cat ipdoritg enthe piveradicale. t her eby t o govern-their current node of power
usage. Additionally,in accordance with a preferred enbodi nent of the

present invention t RECFHRER JGEAIAGESIK @ Brefesied pwbodimsnt of herRiesint invention ¢ h
var: ousdn]?dmspwﬂ mlppiyrdiktribms:ﬁage%pferﬁvhcda p;beidgalcq?ggdoag omlg;_; N2 dR&ucand a(rj ed
enpl oye cOntr 0 er or partial functionality is provide
thereat. A ci&lcﬁ?lgiﬁ I Iobér%é‘mg%%e'rcmﬁtﬁ#%e%ﬁy &7 c BEPIHRTY BPY eSS SFSR8EMEMat nmi ns
power to t Resfable thes ppwpdrysupplst disthiittor isi speraive dv akcdoddiinee @@ en@Eovang ont rol
nmegsage to ; i.n a backup.or .reduced power node

Furs hor mor Legaei) 48 tefh ok maholpel oot hE; SereEe U PR f or
both foil PWFERVEIehleite jt asrell wdtbe tadal fpowet thetnitlis duyremfyesupblying, to al diodes;

non- essent badrmerife tHel deddsi e g i, ad r reduced tigpality
operation. Theré élzs ef Iﬁ%?%dgpipp%gﬁgaggé ic{éﬁ%gé%tfﬁ é)f?lvglé cé\ﬁ'SFﬁptéoanmrt? 8%

enbodi ment “Btenk ol PP @MailapititetFPAONIf TPRERRot 6so thas et firstntyresimld sipplyig ar ea
net wor k i npdvieflied Gaiienab 8RS & adafiifi PoRGr 3o Quﬁs vﬁﬁ@"lgﬂkﬁ% FecBi kALt Y Of
to the hub For A

nodes, connegti ng the plurality of nodes, t ) oviding data
conmmuni cat PEYBP® Q8 R AYFuE© PHertizethbasigbif TPGARRA Gp egreatdrntipam apssgend suppl y

di stri but othrebild) hiphérdRanashidl faShresHOE redR@RPHIWRB 1RANRHUA Qodds ch&BRbnexAME Of
the plural] odes, vi a sgj %1 onmmuni cati on cable. There i1s al so provided
Holetsry G TR

ty of
in accor daaﬁ%'}e{m\g/)\'ﬁ as. & HeREtwEEn ithte fiptt eandnsecond, dheshelds.a net hod
for setti nigquinngashowhdthed & aw nedevequirenfsieer bPa Aode AgairesAHGRoME bRk Kankl fiC! udi ng
t he steps Q{cngro?é’}eg"neg a_ hub, ﬁl{?ow di ng, .a ‘?I urality, of nodes, connecting
the plurality of nodesPPg-ihan 5"‘?"5?5%9’6‘9 2 POvEr Adging the nodedaths Rotteron by
usi ng conmafithegiedeon cabl i ng, ~and operating a power supply distributor to .
Phe pl ur al i 1y of nodEueuf a8l RS rited bl apiesert IMBRER® the
| ocal ar eaPomex Mppl distribetar e bpediting toaproGdenatrlbastirie @l Sl abietin@d ifficRinb Ry €
bover |1 np PG tm@afartif iR ARENE L Sokarly Bon BteBSHiy Aoy
accor dancehewawsr penplyadiestibigor isropérativecid agetiduitarehi thef follveing femdatlifyrivent i on a
met hod f OfinvefintabSwP n Lpel udi ng the steps of providing
a hub, pr (;?/i di Er?kf% pl ﬁ?naak?’?élt8?%%%%@%&@%%%%@%%3% teatl B?‘ﬁ?reﬁvg@lf/leé? Rnodes to
the hub f & "ilods WE rigtakiaewercamitns cutrenslsi sepplyiopronafli wales; odetambiigngye and

oper at i ng r&atiA b&WaR! e & ' n%ﬂ: j gn,?ﬁ st. S rating
power to z;t?f ey_@{ sone to?‘ gl%rﬁéé]{ %’%lﬁpg{‘/ﬁ% 0 ﬁl())rg S- vitééﬁ?eh@”c?gtg@ﬁﬁ?% i on

cabl i ng, @HUBIBNGTPAY IGTOC/APALS lesythar 2 ifing threshold, svoplping mdditigeairpower to

functi onalnbdey.or power to additional nodes one-by-one on a time-sharing, prioritized basis; if

TPC/TPA is greater than a second threshold, greater than said first threshold, reducing power
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There is provided in accordance Wth another preferred enbodi nent of éhg
present invention a nethod for setting up a |local area network povaeﬂ ‘Qmpm,ﬁ?)
distributor far i use in a local area network conprising the steps of
providi ng including a hub, providing a plurality of nodes and conmuni cation
cabling connecting the plurality of nodes to a hub for providing digital
communi cation therebetween, the power supply distributor being operative to
provi de at | east sane operating power to at |east sone of the plurality of
nodes vi a ?H@E&Pﬁ‘rﬁﬁ?@é{ﬂrﬁ@ﬁ@&%mﬁﬁg?ntﬂﬁ%nb@wi Eopevsy i BRC/ITPA ackesteai%e with

t he presentirsi 444 Q8don@ FhreshSMS liRiliring bs @ Wwilefiebalhidd GeqBirQGldilisnal poReM&a RVEr a
data comuni.cati on cabl_i,gg infrastructure to._one or nare elbectri cal power
consum ng 98¢ LS EERANEEd E%{%ﬁf“f"é‘i hEVET BT EobrSRts e ibiS beERsreEN g Enet wor K,
a source gfowel dot nilosder piavee rwhicht is| 2b@sé aofredeprovitd datimumotihe, Nercugentpl ed to
the ~ sourge.of electrical power d to the data co ni cations,cabling
networ k, UREAE PRy reliple sonEr i S ECRRST RIS Bt SPPES PO S A PRPE and

i nject a |Ipwrifrmgdaency power signal onto a data ' . comuni cati ons signal
received fromthe d .CO ni cations cabling. network.so as to yield a
conbi ned power/ dat ag§$8%%%ia€%r??cgu lg‘ea HETY Sﬁ'[’%q’ff’enén"?o&'? 2G 8t a
communi catipvengore pbwemepppiyt disrikutom agerdticasd poovidepowesst dad af $idl iatd o adapt ed
to receiv [ werldata signal and to extract and separate

ther ot 1 roniieRga Y Rt 8 ARG a4 aFdee R0 SRR fency
power si giad¢feralitli ghelpaveer cupplpudistalttorois Sperativecn kecomignoe ovithrat $eestaomé&Ebhthenet

based Loc : e : {.net, . i enment ed
as o st andaluaPE bRl iAok WpaOEe, SAIR\IR Y Bl VRhD or
into a LoGHOWAF &usqueating prosame)wedl e tlsttotaBower thatlit is-currently supplytngTineaid
povier / dat @4 j : ol oTasal gl ' ] ts and a
pl urali ty%o%%ggtgﬁgﬁlﬁl%m%(_)mr_ Slhoﬁ'? eﬁegx_léglrg'?\gr,}etr%tg%k og\g% %%%‘S?Mé‘pggt a plus
power out FHFendtal Wﬁf‘?‘?@}a@%é’ﬁ%&aﬂ% REARAS lesy tharnd dirst thoeshold.upplpiRgr / dat a

conbi ner gl paR te e dIRnil H6&ds bRe-BY-Eifel dnl LfHorifiZed Bhd i AP CPED AR oRQMEThan a
receptacl e, an uninterruptable Power Su £Iy (UPS) or an another power/data
conbi ner . SRR %G%Plﬁdaswmﬁeﬁmdbﬁﬂm? discqnneatiag pewerftp [individualy nefeg h
frequency of©byenedich priddiRked badi® HoWeWS] ROTEAIEP £ W b&ben Bid BR: l2AYVstdo@uency
power si gnal b f.or, connecti pﬂgl and -,. -. disconnecting_ the | ow frequency
power si gHEssHPlgs. dRpitinecH 1o e AoneTe BOdSUETUTES PRIVAE:Ind Af 210 BPAE TeHES f or
det ect i ngpovderl Mad el havifd b akkr pRGHL thaNGe A hitR i€ SHFRinDE tecOVih P Powower / dat a
enent unit for nonitoring and

signal. The system further, conprises a man ]

provi si on ﬁf;f’,“x?ﬁ“agf*FFgOHa&93088%%38'&%8?{5“33%%@% s WEERPriRENE R 1 / dat a
conbi ner spawérd powerl data splitters |ocated in the data conmuni cations
cabling network. T ower/data splitter can be i nented as.a standal one
unit or integrated t%:ﬁﬁg% "éacﬁ%r?%? W%g\‘?fegeg.eg?ﬂ@dﬂ%%n%t ‘Erﬁseﬁtd‘r‘?ﬁﬁﬁ%‘rtﬁ?’ray
conpri'se powohGuialy afistfiéiiddGs ppevativectenprevitle at feast anerufetll iongot hsctiendlitpct ed | ow
frequency r si,gnal into on r .npr.e out put. voltages. There is al so

b owi de” OREh PR RReractl PovBREe 31 JahYifuel foBR i SRUBRC Bt PERSIRET | but i ng
el ect ri cabpepoiver Peefarably tikapeawa cnoppini distibudsr 8 adperatige iimfac@adatiaecivithethé¢ 0 one or
nore el ectpli cal wer Cconsum net wor k devi ces, the ne#hod conprising the
Steps of  ubifhe, ARUhaiEd i Ul R aRasE g R b AT St S ey

el ect ri caheep avpower atjagoen naief dnd tHemattémasdgningayhighesupriortty gniae givertroda. dat a
comuni cations sig j s i oV ata co ni i .cabl i ng
metvork oo as o ikl Rl Ml Btk M Qi I el BRRGE T 12
conbi ned howewedsupaly iggritaitor dnpperative tel atoside etrivesticoaof full or aalfhidtignalist wor k.,

recei ving ; r r

comuni ca?‘%egbﬁﬁg'gﬂ%gg‘ﬁ@@%?‘é%ﬁ’g Véf;l)l I tt?O%Ft ae%glg‘g i E%gﬁagg'am%?/pggte% si gnal
so as to §apelydlistrieutefats mperativeLiniaceardages withythel follewiag durstoniatityrin tviobintagiy
frequency, L : ther. .| ; .5 r e di-ment
of the pr%dgg\:?ﬁ?%\b/gﬂ%# oor?,gaéingq@g%@ ?g!%’r%ﬂlﬁl%gﬁ \({)%rggs! %‘S’{ﬁoa?’ lfAalrb%cfjou es an

Et her net 4sa@rdance B\th|a pRwsecadedrvetioik progyaN) as vl ds |thef tatat prasyer that Bécowtamice with a
preferred enbodi nent of the present invention, the source of electrical
power includes an AC nmai ns power recepfacle. The source of electrical power
may al so include an uninterruptable Power Supply (UPS). 3b 1 1A .~u
"ct~~~ Additionally in accordance with a preferred enbodi ment of the
present invention, the nethod, further includes the steps of: filtering

hi gh frequency noise and ripple fromsaid | ow frequency power signal)
sensing the current in said | ow frequency power signal, connecting and

di sconnecting the | ow frequency power signal to and fromthe conbi ned




out put power/data signal, detecting no-load and overl oad conditions on sai
combi ned out put power/data signal, and converting the exrtracted |dwl AUG ?Uﬂ%
frequency power signal into one or nore output voltages. Were is further
provi ded in accordance with the present invention a systemfor distributing
el ectrical power over a data comuni cation cabling infrastructure to one or
nore el ectrical power consum ng network devices including a data

conmuni cat kRFiRak |af]‘9n<ﬂf3§ W@é&mxr@néwr FefatiQhshiy @&we%me RaYERL ’totgogﬁ'\f/?rSUppl y

neans for eneratl I’lg a | ow frequency power Si romthe sourc

el ectri cal HRRtion (SR pehe ﬁ‘ﬁé?ﬁ%tO%B%‘l’"édV%*BblﬂlFYe(Té?ét) df @Bﬁﬁﬁm ig 5% BwB acabl i ng

net wor k, t fll&t hod¥ho i fup PHRB Sull géwérr\b q@ditisHal haRs LRS- BWQEM&QQW{OH@& gnal
onto a dat a. COQ{EBI catl ons,. signal being carried over the

comuni cat PEIRLZE, Bissh gt I?g%fk Is5 greater fhanya geendatheeshelibnbighes gy sarkhtfisstsi gnal |
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limiting idess m&erred;tﬁr,es puivEraatd BN Wmefrecrmreg(bé\a&t hd¥ehet e nkwWodd ROMENCY
power si gcrlbao gﬁ the combi ned power/data signal and fgor outputting the

ori gi nal ation si gnal and the | ow frequency power signal.
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accor dancenvm { h aaﬁ ?ﬁggggﬁyy rrentﬁé)?@%%%é‘l t?%ggnfélz%\ghéﬁﬂﬂghgm{t {a system
al so i ncl tgassad Bresholtt disspanegting pasver tfoam n@fP'ad@hlmOQm onebs-eng, owiz t he
data conmMphb@akd e&e Hemo RGr el

power / dg?g splitters | ocaet ed i r@{igsbc?gt%gncoﬁ%?@?f%ﬁ%gﬁ{d?ﬁg&ﬁr&%r K.
Further i ASQcU6HELhee pgde Feairgsmemer ifadodnisyine sdewergiriotityeinghessasetthatit ent i on
the extr agidyeen REMVRE WS IFHAQSnoB i ivieh RUMBYe £SR0NRITfed HAmERANKRL §d N9 the

extracted | ow frequency ower signal .into one or nore output voltages. ,_,
., . Mor eoFentiy recerkise drawere diggonpeching pestes fromdhe ot prirsity nesfe and somneetingnt
I nyent i ontHelhexgrodtiicagidiRweee i ncl udes an DC/ DC power converter for
converting the extracted | ow frequency, power signal into one or nore output
vol t ages. BRI EF DE§&§2 é*i‘*‘?f]\l‘“cﬁc"?ﬂ@‘%w NGRFeferr cerphodiment qf nthe Aresst wi | | be

under st oothveriidn amfo%t fipBK disRribRtdr W dp¥rafivedBpkdiRie (20 lchQ \Whd BF SBtaal l’&gced
descri pti tion with the drawi ngs in which: s. A and

in_con

IB are si ?%BF“W & ?ﬂeﬁ‘é‘ﬂn d{’ d@‘?é‘ﬁﬁ‘%’l Pogest i i PIBFATY o POYRTOMANACERF L ‘?R‘F on.

enbodi nenAsddigénally loﬁé;l&dmaﬁba@ tﬂtqfo\mr kupb!p Glistsbiuftl iRoRPWRE irS bRBIMn@RALRSd Ve to

provi de eeﬁgtrl catlt gg)\ﬁe 3‘,1 qcal. area network nodes over communication

cabl i ng c6hEPYHEPiC Diavisgdmeionaliny mitaly deteminias e tatabprwvep agatlable do it

enmbodi nenin aofordanes WI%Werbm&nitloa@rogﬁh% wellAs ﬂiédotalE’po%ﬁthﬁﬂ imlchfréRl bl ock

dlagraml;uluislirattlon 9\()&alstwo alternatltﬁl 0 |rrents of | ocal area

net wor k i HEPUERENG ¥'%8 dSppiRing s tefatiguship, ?51"’6?}1 the %‘F@BE tPRaPOWSner to

| ocal ar eennsmmm l(ma:)cte $heoouerknt eGaNBUNeC Railbilitg TP AV GF TROITPAUS teedthand
ferred enbodi ment of e present

operative a dan h anot h
i nvent i oni®s %m@hgog?wm%? @BFB‘? RO YAR AT DO 3(§§ef ul in
the ~".w. errbodl rrents of Figs. | A and 1B respectively;
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Figs. 4A & 4B are sinplified block diagranms of hubs and power supqu ug 2
subsystens useful in the enbodi ments of Figs. 2A & 2B respectively; I’—[Hf QUS
is a sinplified block diagramillustration of a smart power allocation and
reporting circuit useful in the enbodi nents of Figs. 3A 3B, 4A and 4B;

Fig. 6 is a sinplified schematic illustration of the enbodi ment of Fig. 5;
Figs. 7A & 7B are sinplifed block diagramillustrations of LAN node

i nterface TRA/CRH LsSrabs@fthbh alsbeohd Br@RNQ N SRt Hid FiisOthreshdl &eRbing B 9s. 1B
& 2B respectiyve|ly; Figs. 8A - 8G are sinplified block diagramand schematic
i | | ust rat i BAYviqualapdes onepby-one on 2 prgrivzad pesiss HawpsaitheRt/dT ofis Betvemsrider

usefill i rfirkthwed esdond kiireshbl8s, Qlqulring Ses tSAVhaier £ Aew Mb@Sreq@Rs poer & £asdenpl i fi ed
bl ock di agr am and((ii. schenatic Qtj ustratjons_ of various enbodi nents, of a

separ at or GEEFLICHIR ROVERBBUILfETfNs YFE TRIUYES PAWEH O -2o00dg regNiesaddiieptinat i on

Wi t h conbippersandfa fddghaviBga lowsEpridritgShan kbAndy hOR i@lcerahigPbdelvirgthdlenCk

di agram i |r|+JSI rations of1 two_.al terpative enbodi ments of a conmuni cations
networ ki A&THGHF A P SRER SR BTISARALF A SPBREIR PORTEIC BDHRTHATEA! M5tFasEabl i ng
const r uct gedwanrtda oqierreduirieg atditiaalgpw@ance with a preferred enbodi ment of the
present invention; ,Figs. 11A &1 IB.are-sinplified block diagram,

i | lustrations of t\/\I\/c'g(’rg?vte123?1 ﬁ§$°§§?3°ee%@oﬁ?rﬁ€ﬁgas)er8?°dgn7”68&?‘6 BIS&AT HEFTNGP k

i ncl udi ng thronewer swpplly ydigtridl:itoraisagpenasing tongrovidper adaktv end of puldvirdedsdeéct ri cal
power to | e A 0, oyer .co i cat,ion _cabling: Figs. 12A &
12B are sierrr% q‘%‘??tgd%ﬁgéwgﬁ aeg“reg‘-'%ﬁﬁ’ﬁ ¥§e§rtm%a{giq§n'§1 3?1 %Odﬁsu B ngg'?(ﬁlp’ ?og”er t he
enbodi menmsnagemett pperati@ Peeférgly thegevet supplyydisttibiFomis . opéavelinl 8Bordanee
simplified.:hl ' | t. ' . : | y and
managerent Dube el Mg Aok, Qo iaheBRl oL SUOR 4o

r espect i vemgrgency geed foripovgr aiRgivanenode, rapd tifereafieridissigningla highextrpriatty tostbe

di fferent gResqdeonfigurations useful in the enbodi ments of Figs. 10A, 10B,
11A &1 1B; Fig. | Sis a sinplified block diagram of a node configuration
whi ch conbi nes t he Stilkdfiibes 5n sisearfiance Withgs . prefemeds embglimpitgof @ preseat

gener al i ZggeddoR Wehpaher | ' (BRI Mast

operati on _and redll}%ed_%dgalg?tsﬁ%gﬂgggo, ?&ﬁ% netvvorgrﬂ%!i?t défggm&%m%%B 11 A
& 11B; Fi fnctiopality ogergfionduaneiconteolled prigritwin voluntany povsarimagagsment Peeferably t he

fI owchar t tefpolebrGsupgsty Hstribicd & opeffvé tack&Barlc® SRIMNKE FtloRind BRARAAIY L
flowchart illustrating a preferred enbodi nent of the interrogation and

initial pSHBHAERANHrPaNIESTER SRHonyiniaily feterpining he foral ppwer aysilable 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 a new node requires power or a node requires additional power,
adding the node to the bottom of the queue.
Further in accordance with a preferred embodiment of the present invention the
power supply distributor is operative to provide at least one of full or reduced functionality
operation on a time-sharing, prioritized basis in voluntary power management. Preferably the

power supply distributor is operative in accordance with the following functionality in
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Figs. 19A, 19B, 19C and 19D are generalized flowcharts each illusttdtAg 7003
one possi ble nmechanismfor full or no functionality operation in an

i nvol untary power managenent step in the flowchart of Fig. 16; Figs. 20A
20B, 20C and 20D are generalized flowharts each illustrating one possible
mechani smfor full or reduced functionality operation in an involuntary
power nana%enent step in the flowhart of Fig_ 16; ~9 ~1~~" ~?2.0(~3
Figs. 21A ?Tgﬁwﬂée%wazwnmmr@i@méniahlmmmlnmgqhafotasp@&e BvailhBl&Istir At | Ng

one possi blagorgedraninsdm vl i i | eep, mode operati.on in a
vol untary Ea%\zﬁr TanageTent °§’?§‘§”§‘ﬂ ‘%’h%&?g%\%éﬁﬁg fheé?ta’ﬁi"g?f ‘%%‘;“ Eicygentlyo p

22B, 22C a B & &l edes afetermiating| Hncteiativsshipabltwietn tet tiatenn gotdNBoa@ssi bl e
mechani sm tesurigtion i(TPEY @ttRdagd y [ nt.a ower
managenent st 286 i n the)| f,Itowché&?%ﬁ%&é%ﬁ%@@%&gﬁig?&i,!eégé,’s %SC&%& 23D
are gener afi*yBeFs1q'ch fpirirgaddiionalinomertornatiésy power tp @édditidablenodecsariysoie f or
full or noof adgikishididb] pijoridibddOosakis! FEPCPRS( ald i vol unt ar ower
managemnent hgr}seag“i n 6{?5%%21‘{0 harlt o?@El . %ér&llg?rgds?énabﬁfﬁ?n%fhﬁf% 2@ 3158 24D
are gener al'TL S ¥d EAemaPawer (pdrqi eeliiah godsm engalyseieloh @ priestivad basin f or
full or recHueser, fRCYTRI N betweeR 64i@ i bif MOt RN ARE: Ao INVa 1 ) ower
managenment, si ep ugrn %@e. f | owchart !ofl Fig. QEG._ e‘?'%lt‘-’f%d; fﬂ@'"?lgg E tgl“glg{ggr agram

i 11 ustratifhg am eXaHgfHe Rosrer gf @ newt npde gravires pewdrpifs: meie\iering ahiewer n

net wor k deariodtys irathe semeimhae Hao bidhere AR ifR bt } iohaANRT afihG3 @04 and 268

are a blo j iLlustrating an exanpl e data cdnmunrcations sysatem
const ruct ?éed?{ﬁﬂgg%g]?'a‘éﬂﬁ'g e nily EeSEiYing; Rewent fedusingiomei to thet werk

devi ces r axiefity@odd ad bupiplyddg mRdr el bigHeKprigiiy k] Vi ty over the sane cabl e;
Fig. 27 is a block @é r%lanthi | lustrat| ng a power/data conbi ner unit for
pl aci ng el ectrical power- oft 8°VHe PRl adistshvoninchideoaomar magagementu&e; and

Fi g. 28 i $ouroblusitkwiiétagroainocs lahdiSorsli BE oWt BpAIRAAL 23l hddet e ! OF
separ at i ng,gheathibgdl 88" wer formthe data commruni cations i nfrastructure.
DETAI LED DESCRI PTT ON° OF ®PREFERRED EMBCDI MENTS Ref erence is now made to Fig.

i A, which is a si.ddtitiohallg il ackrddicagwhing lplesten adhainRht f ! RS PresBire

net wor K CaR&dtiod tleSdwad ive.in.accordance with a preferred enbodi nent
of the present i n\elbgnti oﬁ!.9 y gfssgljis)létgﬁmf:ﬂdﬁiad?”igeﬂ’,enf Werkgtatiog which is aeasative| ocal

ar ea net wiYg0VRR Hiqeperatinmdf diepgwer managehenniicofirdl enigoupl ed, by cabling 11,
preferably a strucpilg | e a plurality of LAN nodes, such
as a desktop corrputer&%f ﬂg ﬁe&%ggxé%%r@r&%mé g?’é’l?fg? Hhel éerﬁaeﬁiqﬁén%plea LAN

t el ephonePCY4r B8nagement &xeoniel utis. t el ephone 18, a conputer 20 and a server 22.
Cabling 11 is prefgeally; Lonal LAN cabl i havi ng four pairs of
twisted c Y$Eper Wres ca I1£%Q¥§g%f ?\Vétr% afﬁég'?edae“?é’ﬁ%ﬁﬁt o {RacRrpseny igvergign

enbodi men dﬁ"“’ﬁ &anﬁweﬁfswqtmbem@emmmfmmehaﬁai vartdue Wodad viz2@asfatpne of
the pai r Scoimuhibhtfdn@Enc ARG theféby %o gé\’%m%ﬂgll 8%%1% rg'gde of power usage.

3 Further in accordance with a preferred embodiment of the present invention the

power management & control unit communicates with various nodes via control messages

which are decoded at the nodes and are employed for controlling whether full or partial
functionality is provided thereat.

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

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

functionality and reduced functionality operation, and non-essential circuitry, which is not
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~ ~~~"I~ ~~(~~ for transmtting bath data and el ectrical power to nodes of
the network. Typically two such pairs are enployed for transnlttlnd boAUs 2003
data and el ectrical power along each line connecting a hub to each node,
whil e one such pair carries data only and a fourth pair is naintained 'as a
spare and carries neither data nor power. In accordance with a preferred
enbodi nent of the present invention there is provided a power supply
subsyst em 30B94irsH Eor redicesfanciionslzy brerpicovi de at (east sone operating or
backup power to at fegsgk, h b 10 and
t he communi cation cabllng§§%§ﬁ§%f?@hpaﬁ%%hgﬁgﬁ%mgg?ﬂgﬁgpﬁﬁﬁg"w 1% "t he
i |1 ust r at ed®8pierdvdee st swofchpng., 2 (cpptroliel priraiing thei ertidamatfetie vinitoh rwhudhe hub
X0 and incl WResHIR PEMRS eURIH-sedRa WG Sﬂﬁ@rdbﬁsmgﬂa@aé‘h&d‘&b@ﬁ&ﬁ{ p éi” or

a

backup power tlo vari ous LAN nodes via the conmunication c I ng
communi cat i YPLEEM ‘i"li‘f&"éﬁ‘ﬁ Rertfallerys PRAKRlYQin [6$P0BsE ty Pfaouaﬁutﬁimmwpw%iumy th e

vari ous LAI\Adealy Jﬂﬁerﬁaﬁm’e’ly'}%nd&@%{gﬂ% RlREL & @ aOWRFeid JaQ{EoB lef
supply 32 al ont? comuni ¢ation cabling to at |east sone of

nodes. Bi diP&E ‘fedﬁéﬂsl"d‘é?‘&’%d?ﬁ%WF%ﬁdlmsafdrfGMOLAN switch 34 pass t hr ough

t he conbi ner 3b, Suma{xh%doyda!(ﬂetwl&litpréf&ﬁ'&f dROERER of Ik pleSenBmGhibAE t he
conmmuni cati on cablin omthe hub 10O to, the desktop conputer |

facsim | e fHER ﬁeé‘s?%g 3ﬁha&?o[?ﬁﬂt®r el%”CéhrPPWérs %08 Kunahedatoathe RRNER SEPRBOVET |
whi | e t he dommmnbreathe Gensoa lsoNgndof GBAsth e Mbollggﬂaptrﬁxﬁﬁntﬂubth&@ﬂgem thé and

LAN t el eph ta and opey at power and the conmuni cation
cabl i ng fr%m '%czﬁwﬁc?s% h@mstger‘?}’é’ferﬂ’fp élfsf’?bé'?gonl y data, in a typically LAN

arrangement const r uctiddfisther @pac@tdane with fqeaEbanGodintelt af RhehREed

enmbodi ment . of .t i nvention articul ar. feature of, the
enbodi nent "8’ qhg%nig‘?eﬁé?ceﬁ%st Heogup m%\%&”ﬁb\ﬂ@”‘ﬁ?é“&?g’r‘ﬁ%‘é&“&ﬁ that @aigs, e
twi sted coppesr lpavaﬂablbtnt loaeratppmecswat}emch it peﬁéﬂ'is @ipplidtieto LbAM thedsential - 20

whi ch recei, e S Sopmun ng i.ncludes. a separator
for separat :{%&Wp%\eﬁ%ﬁ lge%’\é’fers q’(':"clj DBneT a'}dr om: ?’h “8‘5?"5 g?"ﬁ“f REOTHOf eyt rfgﬂ“é
enbodi nent thfPOWPgSUmeyAndlcaheg mpmam powerds eottaypiabaj dnd thedefiyon &idxdatas tae
respectiveg r p n ppr.eci at ed
that alter nlg_{??%gl 6/\“ % Rapglggﬁa@ét% é!%é‘lxmca%osg c%) ‘9%8“%&@?’ PrEHEE E ﬁ now
made to Fi gvitchpuchithag poiver i sxpn*pﬂdl foi kath bl’neocdsemﬁalagrcamyl dnd ubé mat-esentnf a

| ocal ar eacr@iMoplke i I aQr C her
preferred gnbklgonerﬂf&(q}sa‘g %Sﬁtgﬁgﬁg%&?ﬁ\f%&oyoﬁwf@g ep@@El- S‘E%H&f%?&’% here is
provi ded athfiJeaing posyepis npicavaiiable via thipovees snplys ardythe sense indgarehithetrsuffisiesbupl ed,
by cabl i ngp&er nsﬂfoeflﬁﬂm Yheacoﬁttrcﬁl‘éxc%&a?ég tl%asla}lﬂcﬂ cﬁ}t’@} ﬁg&ua{e%o expiL H‘[P?%%dt y of

LAN nodes, H%L‘]]?h as a desktop conputer canmera
64, a FacsWiP pighsshRIArifetoghe es&ef‘EﬂN‘fF‘élﬂé ﬁéddl%nns@ownrd:mrdghaamequmcm ephone
68, a conpike eﬁsex?&l ety FAMPHvailable, G siphlie® do b ok %gsgx{tag%ﬁ% ERNVE I Onal
LAN cabl i n%e EVI ng four pairs of twi sted copper wres ca eéll t'oget her under
a ¢ormmon j In the enbodinent of Fig. IB, in contrast to the
arrangenent descri bﬁddlﬁ&ﬁufe dNaltHnEtﬂ@l@etﬁ& rﬁd?utgxllr% cxéc&tr?f}gceﬂ%s W dskr Riput

descri bed hfﬁ.r ei nbel. ow,, at | east qne the pairs. of tw sted copper wires is

enpl oyed oRfAHE AN (ention fq w5 thy ‘@F%E’t??"é&ﬂ’ fﬂ%‘é@@? viaghegssunisations sabkiggaor k and
at | east Omd!ca)ﬁxghhlemalop&ailefin EWllsﬁlﬁiﬂlﬁﬁdﬁgpﬂbdé’!nﬂ%reép?nﬁéﬁﬁ?&@%&ﬂuﬂn g or
transmittip i two such pairs are enployed for transmtting
data only a%%t’"?h% %al‘,l%eff @ f%"’%ﬂ"é’yé?rfﬁeﬁg“e’ &4?9‘"?"6’5‘”%‘5‘54% ng el ectri cal
power along each | i Mereoos mesdcbidghca withla ptra‘erﬂaﬂcdﬂabaalﬁl@nt oF the PEGEHL GRBAELA th a

referred nt of the ention there is provided a power
g uppl y subtgtgge?’ gar% B th ¢ rss 59%62615????@;’/‘3"6“;9?‘8%F‘H’Q{’eélttl" I”Ezfé{e\éli‘d’ﬁﬁ POWEr ating °

or backup sopper to at | east sone of said plurality of nodes via the hub 60
and the

-

Still further in accordance with a preferred embodiment of the present

invention the sensor senses a control signal transmitted thereto via the communication cabling
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comuni cation cabling 61 connecting the hub to various LAN nodes. 1Iﬂe({‘-ﬂﬁ 003
illustrated enbodi nent of Fig. IB, subsystem80 is |located within't t?
60 and i ncludes a power supply 82 which supplies operating power and/or
backup power to various LAN nodes via the comuni cation cabling. The
comuni cation cabling connects a LAN switch 84 via a power supply interface
8b to the VahhoHs AN ....1he power supply interface 86 distributes

el ectrical power ?romsék%gf%gﬁ%urm%uppl y 82, along twi sted pairs of the
communi cati on cabl i ngA®iitiashllycfin acerdaote wsteda fpadfertar ExidABARLSE the Qr@ly! east
sonme of theidvANJARER de Birdi; j l..dat a _communi cations from LAN swtch 84
pass through. the qgomr_esﬂcgﬁﬁﬁ%lk%gr%?sggg} © CEEhyeY %[ﬁt”io%ﬂe?s?“tw Podls Gireuitry.

i nt er f er encéh® $Witch alse degludes an essential qodenimuitatsivieh gl ioAGsBiidi medd dib@tpub 60
to the deskiwRhCPRRMULES th8 2ontfcRESbLH; hine 66 and c uter 70 canes both
data and bach%r&omr %gl onamsoepafat‘{gg?v%foéalpﬁta;??'gfb‘ev%%gg RSOV HRRIY cat i on
cabling 6i HBAt IR SGEP Wb istalai lahlg hsaisaermtralled dparmes thé\Rbstftlap BERNE By Cames

communt cat | gn eabL g i Ore SRR Eh Spthl Ral R Palde befie dat o
in a typicafty" mdﬁg}’%@éﬁﬁé’rﬁaide@nsﬂﬁem eddaciuityandtine mafhs gowar §apce Wt h
ot "t e enbogent or F g ) 18 PREER. i sl el PRt s at o
twi sted copp 1?3% al'} Q‘ec?f’%é’é}&iﬁat@éwﬁbﬁ%sdﬁ @ntr@gbbxie@eslthmsentihl noile aippISC at ed
that each ofitthend A nd8@eent? node /GreifiH G | ower over th

communi cat iegsgn‘czggé ng 61 i ncl udes g%%ﬁ’g@fgrﬁw%a? pgv(g%rr]l% qpﬁ@d lt‘hgoﬂf West ed

pai rs carrying ‘4200 qreultry and shenon=esseqtial nedegircwitrpal power to a node power - -

supply and separ at el Bartherdes tid Rekotddgiee! Wit £ LS Ly Vi ta to a data
i nput " of the pode In t@ee i | ustrated er[rtbodi%rrf@%edo?r&%ﬁ%%ngq’é%fw esent
connectors are Lypi CRFPerirssessgontre) innvk rpadhreat leastone petess sappdy mdieatingt

separ at el y thiegiaigs powe, is nbt BB EDE A jedd O i yely .discrete

connect or Stm¥“fﬁgﬁ§gplv‘9,%6d' I t aljﬁ) ap!{)r gci at %%%é?ﬂp&%@%éﬁeﬁs%ﬁg&?&é

il lustrates two enpad ment 80t ailbley dheorAntplinsiapeiatss dhecessantisl pedsedirctioypl ur al

LAN nodes ¥Wwitchasush shanadlequarenpovee a8 spplicdivith %h@ﬂ%ﬁﬁi 109t NGsdiR figevari ous
i ing electric power to

LAN nodes. . s .enbodi nents Of .a system provi

pt ur al LAN°’#§§’§S£‘%'§X&§“}?§§ vgwﬁrﬁv&mm ?‘6%?;6%%% ¢sergtial oade eirduity is hlso hub " ~
~t o vari oudvallalile, iideiappledao tHelntus bsseatialthode cifduls vialdidGor Bese il ﬁode?cﬁ‘mﬁ‘trf B

i Ilustrateggihocal area network including a power supply operative 1o

provi de el ectrical power to |ocal area network nodes over conmunication

cabling. In the il Morewers agohiotticvita wéfetrddbmbadiment &@@/&@;ehpmgénﬁb,pb 1 00
does not {the nédeQYbilEuts i.eal power aqvek the communi cation cabling 101
and a power lslupt)zpl yﬁgal?bégﬁr%%?ﬁ?ﬁ S eﬁ‘S%&Fé‘llmé’%‘E]EY Rf¢ Yyhesrbatiy the essentighd

i ncl udes a2PotRBressentind| npdd Izcuihy ade crepfive, ea BRAGA NG oRIWE modB ddHeh thackup .
power to Vafen@il ot cltifdeSantiafyd G | ni.catjon cabling 10l. The E
cormuni cation_cabling Conne \é{agveaﬂﬁﬂﬁﬁmvwﬁf@f?"ﬁﬁﬁmﬁe W%Fﬁ?}'gﬁ‘tlieﬁﬁw Mk 100 to
a conbi neresfg'ﬁali“ﬂded‘c‘f\ﬁ}éffysimpbgﬂasiubsystem 130 and connects the conbiner to
the various LAN Nnodggihering Rﬂpé I rovides el ectrical ,power fromthe
power supply |32 al ongelilhe'ccgom*ruW@é‘tp?%ﬁpegaeg#’?cﬁﬁw‘ft(??g‘f’ PIeSEREAnveRsioR ther ¢ he
LAN nodes.PPBFHIUPRIZ Prayidss I'@&Qdd’a%mmnwecaiddhimalIyroJIﬁtérA&leMthé?ﬁbvl'eBéupP@SS

t hrough- t Rfabtaibrmifittent d6bkadH BEhERLdedl Liiadd L hout i nterference. Cabling 101
is preferably .conventi g%? LAN cg(%)(%%g%ﬁ%gv"fﬁvgerﬁ%f;Vﬁ’aihtngtegfp°i”€ﬁ’§"tyetlf copper
W res cabl“@ﬁs\{qnéﬁgqvﬁ‘étﬁ‘emn@ﬂ@mm.j acket. In the enbodi nent of Fig. 2A,
as Wl be descri beghehgt gishbBRL e one.of , the pairs.of tw sted
copper wires is e Igyed to tfragwngﬁ‘lhly%ﬁ%é&ﬁlb?rﬁfeﬁ%fjt%I“%ﬂg“"é‘Fééthipé‘a‘Fmpovver to
nodes of {THE™{f8t . arq3, Betwark] gowensurplyc Bistibitors foxrse ¢l [0y cardaOtietwork

transm tt imelpdingtathuad pludiie & nB88ds ahé B mMANEL o 2] each lineg connecting the
power supﬁl%sub- stglm 130 to each nngge,_ \%ﬂ'?f%ﬂg%gongffélﬂgﬁgﬁ Pl“r@g'iyrques dat a
only and 2°FdPth hphifer insoviinan digitrle eoremunacatipm tierebaniveem thie epowiei dupsty dat a
nor power. It is seen that the conmunication cabling IO fromthe power
supply sub-system 130 to the desktop gpnputer 112, facsimle . nmachine |16
and conputer 120 carries both .data and backup power, while the

comuni cation cabling fromthe power supply sub-system 130 to the hub
canmera |14 and LAN tel ephone 118 carries both data and operating power and
t he conmuni cation cabling fromthe hub t00 to the server 122 carries 43




11 A~G ~~~3 only data and may, but need not pass through subsystletn A8, 2003
ina typically LAN arrangenment constructed and operative in accordance with
a preferred enbodi nent . of the present invention. It is a particular feature
of the enbodi nent of Fi g. 2A-that both data and power are carried on the
sanme tw sted copper pair. In the illustrated enbodi nrent of Fig. 2A, each of
the LAN nodes 112 - |20 which receives power is provided with an external

separ at or disﬂfbu&%@&h@%bé?ﬂwtz e pdRb@ar IERMdnRepBh &G foueato NoMEY sopewplsad to the
conmuni cat | on, ca The ext ernal Eggar ators associated with respective

noi ses 11phraligy ‘Qﬁ?vﬁég?m@t?aﬁ?ﬁﬁa ective reference nunbers 142 - 149.
Each such separ at orFuhtag iPade@diide vk pefredbhbiigndnnpllibe pagnsspatiat éedat a and
power outputs. It is eci.ate at sone or all of the nodes 112 - 120
may al ter ﬁ‘éﬁpfy\fe‘ftﬂ}b‘ﬁ%”%%%gz\? g”(r\‘nq?hnﬁ nternal separators and that sone or all
of the nodes 112 - slnBOﬁ;mw heaqa.b;@lvmodeanat bre&N‘EdEreﬂﬂbbdiﬁlemabﬂttﬁtr presdrt i S
appreciated that in addit LAN no escri na t he
present i HVYEHORJH® %W?fssé?@f Q\ﬁr‘gwoﬁf‘wo‘@feﬁe?u S |‘g%1§‘|'e "ﬁt Vsthce 1?0% for
exanpl e, ‘wippbl dissbutdxis laceiganipity witlin the el geipatially ghsadienge Bubst em eI ement s,
pagi ng | oudspeakers canger.as,. al arm 45 n S,
access control unit¥ %I%-% op ?:%?r%ﬁ'{cgr‘guh ne w%?r %ir;)r(g}r;r]terg} éﬁ}:{e g'%ﬁ&

SW t ches avention uﬁeafm:atlﬁg)ﬁu“teOMpI&ddby therpowgr doapik drstrmumt ® af past R@ae offtie _
wor kst at i I IIu r I 2B, a conventional hub
150 does ﬁﬁ?ah r‘{&\clifg"déagé1 &t r'im?éa lon&gﬁ'%qlé@igdrag]t’%{m@ogm mruni cati on cabling 151
and a power - suppl y Sgilibfyhdreim acgrﬁrdm;eI\md'ataepte%mcmemé&bdu}wm ofhths B%eentind

i ncl udes [ thd &gggﬁt packup
pover 1o DPRUEInchRRkdEE dilohinBH BRI S BRRIR!ME Rl e ARG Blo

communi cainclydescalsioimhiger; anddleat sommunigqtionicabding |c@aneets tb@@@@nﬁwcaﬁﬁb 15Q to
at power . §i a%rr,ﬁttleer%glgﬁexltggmngdegovver supply subsystem 180 and connects
t he power supply interface to the various LAN nodes. The power supply
interface distri buiMaseovprdn eecprdance yeitherprafereas embedimentical thagspieyt I¥eRtion ong t he
conmuni Cajye Qi ﬁ:@iahésqua{a%ﬁhuh@a%h cSRERraRF afd ohebfiNnB 9E0E sufifltisistlopnal dat a
comuni catians fromL switch 184 pass through the power supply interface
186, subsﬁéﬁ?ﬂ%ﬁ@?%‘!‘ﬂ@d‘!‘bl nterference. Cabling 151 is preferably

conventional LAN C%Qﬂr'fﬂshehawd&gormué Wk aspr@rfmweﬁsaﬁtn&@paememmmcabl ed
t oget her under a conmon jacket. In the enbodi nent, of i n_contrast

to the ar PXsiyeRENs: “H%E‘F?sb’e‘ﬁ‘azfla@(f’é"‘\ﬁitt"ﬂ cpnespetY a’f‘b‘”‘ﬁ"@“ Sag‘}l\p‘?i’r‘ﬁ’i SURPY) | | be
descri beddnb:ﬁb@bm@&hse%caea vhma&he Bt addf indliRs BPotver Qibpll \Winé lacdmbimenehe Wi res is
enpl oyed only fo E~~~ transm ttrgg el ect.rical E>E8r)\/\er t.0 .nodes of

The. et wol RO CauPIRg aeter Srar BF PPHE FeRly o e commuricayon SEE WhiTLdss s
enpl oyed cuadresd&ﬁrﬁohrtww&ohmmgxcﬁt&ha:onc’{mm&al ly two such pairs are enpl oyed

for transmtting dat |y and, t wo, su 0
suppl ying el ectri cgfe?eﬁag\?yeﬁ‘ea‘i%‘fﬁ'@e lﬂgqsrﬁaf“‘?gﬁ ‘i*e‘i‘r“ﬁgfs \éﬁ%b&?‘gmgéd% node.
It s seefbmwdtbheolﬁ@mmewermptyabl [ ng 151 fromthe hub 150 to the

deskt op conmput er m | e mach ter v s both
data and backup po%?'m%ﬁﬁ‘% ‘FFPédaé‘S“m‘Pﬁ i & é’tr?farﬁe 05'3‘;? gf 9“5 h@rﬁén 150 to
t he hub casetian fie4ombideriiiidech piphtityefictpletoant iagduridioy hf ﬂtaftra caahckoopler at i ng
power and, t C fromthe hub 1S0 to the server t 72
carries o‘ﬁﬁ")l/gcr?a?npgﬁf& ﬁgﬁ?rmﬁﬁ?&ﬁ%@gt Wers é’lythrough subsystem | 80, in a
typically LAN arraﬁgﬁrcmme clenstmbiret @dyaﬂw mpledaalpkealrm cdcruplerarand with a
preferred R h feature
of the er‘r‘c’)‘(?“(%rﬁ nt orits ‘?—J Blu‘%b&toﬁ:gtg gévge\{gﬂéfag& anh%%{mﬁm gg?lrglgeséggﬁng%gpar ate
twi st ed ceaopesuppabeing mhneea:d hia@ditrenamid e SPEAR t@abfbutmlgoii theypowarsupphe i | | ustrat ed
embodi ment of Fi g. 42B;.84¢h accotn—mc:{‘whng qﬁ&‘ex}egzembqhzgenw&gr fre§dnt/€S power
is provided with an exterhal ‘connector for separ at y providing data and
el ect ri cainventine rthd powert supply alistribnioc dndlusias @a}tﬁwenguwbheﬁnéx@erm&ﬂef cepphect or
associ at e 162 - 170 are designated by respective .
referenceqr"rﬁgﬁn'%’qrp @%@g&%x}’%@% ch such connector has a conmuni cati on
cabling input and separate data and power outputs. It is appreciated that
some or all of the nodes 162 - 170 n& alternatively be provided with
internal connectors and that sone or all of the nodes 162 - 17Q nay be
provi ded with external connectors. It is appreciated that in addition to

t he LAN nodes descri bed herei nabove, the present invention is useful with
any other suitable nodes such as, for exanple, wireless LAN access points)
energency lighting system el enents, pagi ng | oudspeakers, CCTV caneras,

al arm sensors, door entry sensors, access control units, |aptop conputers,
network el enents, such as hubs, switches and routers, nonitors and nenory
backup units for PCs and wor kstatr ons. Ref erence |s -now rrade to Fig. 3A

Y Y Y 1 .




45 11~"!M..ii~c~t3~D3 supply 32 for receiving electrical po "
therefrom It |s appreci ated that power supply 32 may be physi calr\g IéUQt ngB
externally of the hub 10. Power supply 32 may be provided with a power
failure backup facility, such as a battery connection. Each coupler 220 has
two ports, one of which is preferably connected to a port of LAN switch 34
and the other of whi c$, referably connected, via conmunication cabling,

to a LAN node. Coupl e i Cark 2prEtaaF QY BrﬁPfaﬁd/émb@ﬂ@wmfethelEreteni cal
power to thémeotionme ccanmmﬂ marbésr m;guﬁu@&ifa&ipleai And an&rQrQ?”of hE el dolgieM th

the data co I ea on ers 222 are erably operarveto

avoi d unwan 't oF or EB?J‘b"FlS'r’F@"Y commnl y known as
"crosstal k" and to bIchfkrabigartlseeccfnn!ﬁmrt1h&u4b@\/aepluﬁu@p$fycoag|e,fsraggnarng,gh a,ngf t he

ti Qe ; tively filte ed not d. A
contral ‘ranggcnent * g sk PR biEuberton S48pocgereate (TEadoubud s

m cr ocont r olPFigg congeattderiabfilfer ewin SREAR tohwa coper aftheqowef supflg. power supply 32,

t he LAN swi tch 34, 2 and the SPEARS 224.

Ref erence i s now _rradg@ org&)épll%%ﬁggﬁw’h{: 2P ’jekemsr%(f ’??“eag‘SFBFPR""Hi“é@F% of a
hub, such a&eHeBPwer inglydssA prlnhtb’hé' conpjord ian mtplotlitiiof filtes,. eathboupler pemer abl y
conpri ses ac&ﬁ%ﬁ&ﬂndé’ﬁﬁéﬂg&%}ﬁ{&‘ Okv\ér%iéglgl able, LAN switch 84 which

functions as a data comuni cat’l on peater and is coupled to power
supply interface 86. Apdiierally ulsptombingremdyasieo &khidgpi pataliyy 60BRpleRCEnda

I it falityt | J d
Peporting o eup o (Rus At = B0l RaAReE bt DodeB Mid oL ity SBRAR S i ¢
82 for receFa\‘i‘?ﬁﬁ‘P@F E?!’E&?Oé%ﬁmé@mﬁlnehmdef%@rﬁk tbtan pmpvapﬁﬂmpbmredppuﬁat power (- -

ly 82 be ph . DM . ) P |
35P0ny byl de et SRR 10 bl o BB Bype B 20PR )

v
battery contt 5‘1["?'(?% ﬁlt‘?f? |eecér°eupier beipg @%?‘é?déﬂ%bﬁ*yer@pmmmumf t@vevapdlyunwant ed
i nterport coupl I ng, Mforeaw linyackdr@aae dth a%Fé?éféd%Hﬁodﬁ@&cg% E#r&gﬁ u%)e'n from
catlon ca

t he power Syp r )m. reachi ng .t he conmmuni

management ango ‘%‘5 ﬁ‘fﬁp e %ést@ﬁﬁa‘?%m Prayisie elertrigal dowerileng thencoaamumcatlon

m cr ocont r olabléeng)withoed unkdbptiblEdRplaliRios of 6 d%ﬂﬁrcéﬁniaﬂmﬂfont he power supply 82,
the LAN switch 84, t]pe filters 272 _and the SPEARS 2/7/4. |t is seen that in

the embodi ment of Fi'JtheEn aerdpice vith 4 peefersd eppedimant of thageasent frventiopeheer  and

data are treamswhicttiod cabling ifchibed @l 18ast Whé tvfled Mk Dair LBl & GRK «‘?éjarflf‘

conduct ors i r supply interface js substantla y una ected by
t he operati on '#gl}%ﬁp'sﬁrémmme% °Vé4\7\’/tw’51¢§ wire:paic glang, whisch daga fspsisp traspmittqdace,

Ref erence is now rradeefembiﬂlg po&é: sumyﬂhtdb&toaxr&lmé bébvedd s@;& thtefta@BLM Of
huh 100 and Je, }g@ meca‘tl %sbéem 130 er’%)ﬁé) ed in th errbodr ment of
Fig. 2A. Hub tOOB% fera y CotpP i8R 0e SOUEAY & armm%rrrrer EPngERtjator

avai | abl e, Viaatie pgpver bupjz[%mdfacmhofthﬂ(nbdiers,nSndaﬂaeadeE JuspD IR G cRldes a

swi tchJrep t nbi ner, 136 fo part of power supply
subsyst em ?ﬁltrﬂy telrrsearnggég‘ ?gprfgs aﬁf"%’ﬁnﬂ‘r"?"%‘@g a’é‘{ f?Pﬂ‘?&% F‘f";’“tbeP%eﬁﬁﬁ ser s
320, each 6tchfjifethringsovenndus e SPEAR tcaa:rautnueoftﬁe?aovrees §imart power

connoat ed t o potie;  ASEREAL B %Rt i rsg?&?éeermrg é{éerfﬁi e PreStber
t her ef r om inventjog tbqogmemmw ¢ah{atg 1|ndu&s as lfag| two 3 dtedByird xeméﬁﬁééfahlﬁzs

| ' 130. 32
R e T e e

connecti onW Ebéﬁaé‘é@pﬂneﬁedBZO has tvvo ports) one of which is preferably

connected to a port er of ich is preferabl
connected, via (F:) 0 mrrﬁ??g%%%%c\é%%%{a u’tﬂ & rl)eq"m;‘el_ nt ‘é&g{lﬁ"@?"? ‘ﬂ%‘“ﬁ?e oY
pr ef er abl y‘hﬁ HE"? mcludes at@tad@mplluelcveioe@pnqemedtorpthwbwmsubﬂﬂg disatbinod inchideon
cabling SUM@@&ﬂp@}J InYerfabel QUL pcM}P @rSJpW tﬂgco\Mmumcanon c:ﬁ)tlmg %8:%? Itl?eaﬁzlztgn

t her eal oon.
communication concentrator via the power supply interface to said nodes, and the power
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Filters 322 are preferably operative to avoid unwanted interport afidl AUG 2003
interpair coupling, comonly known as "crosstal k"™ and to bl ock noise from
t he power supply 132 fromreachi ng the conmunication cabling. A central
managenment and control subsystem 326, typically enbodied in a

m crocontroller, preferably controls the operation of the power supply 132,
the couplers 320, the filters 322 and the SPEARs 324. i, Reference is now
made to FisgppiyiBierfapd tialudes aplralipd off filtees dcilumdiigrf amaro powalallo@donagnd t he
pover  sUPRLabriHg RS LEPESR s £ TRILOMRH bkiﬂg%‘&e&@@gﬁ' ISHARClo & Sltpf Br tlub | 50
preferably conprises a conventional, commercially available, LAN switch 184
whi ch fund’PWéfr%P% a data communi cation switch/repeater and is coupled to
pover supply interfqge al38r iRTpldiganPaWichOh ROMRED SHBRfiend WESHS Lk 80.
Power supply interface 18b typically comprises a plurality of filters 372
each coupli®§es the Bypnincludesfofiain FANERREGAEAN BRTGeHEI6ItEg PRYVEE PUPRYY| dIStbSISEAR) 374,
Each SPEARRA4s b cofBiREGHEY ﬁSd%vePQM\SHIy, SHERbMm&Séatlo | Gbling Bbndedts th€@fh Vi ng

el ectrical power therefrom 1t is ap_grem ated that power supply 182 nay be

physi cal | FOPBRBAAn XRCSAIAPT Y2 GF comungsdntlie nedsspthy caritingg Sciidesiouralsp e r
supply 182f Biﬁmle?k&n@raopdbﬁﬂ? oM ef1t8rsand QWhIralftRof W8t Beveek dibchtami and Tr?portiﬁglCh as a
battery connec&? 47 ~ ~l,.. ; rl?lters 3%2 are preferably

oper at i ve ¥ %Q‘Rﬁmam@aplprrhe&sﬁememaﬁalaia Higr #9i2SPEORSP eI 8H DNl y
known as ‘pew&s6iply, lind a4l cbépldt hackt 16681 50 pofts, @A bIWhiPIOMREnnSEHEoY pbit2f f r om
reachi ng the, communi.cati oncabl i n%. A cel}r%t_rel .gﬁna%erren and cont r.ol

subsyst emTS A8t CPUBpRiCHQp cangspitrgnd fhe e of Wighis comegsd) via camBEPYEAon cont r ol s
t he oper atibling, o odelof theph@tlits oPiddys. 182, filters 372 and the SPEARS 374. It
is{seen that in the enbodjnment of, Fig..4B, cquplers are no rovi ded

i nasmuch as power gr‘?gm&ﬁ%!i' B B°PHAAE P et PEVEFds bﬁ%‘é’}eét t°%vit§et BEFS?S'Ei rs. The
dat a car r ingention tieduduntlodes awdam dolenupieusion coug@atrytor, tHegiotvarccsapplg distribetoant i al | y

ffecte th ti f th . |y _int Lt i.s..
Ut £ oottt St 2l 15 NP UL LG8 byl o)
power suppdbling 8shnédEs gnid 44 camdiupioastien cougepirator1 @2 tieFiogindBlo the awdedethout put

power to . EAB - ( Fi 27 Fig,.3 . ig. 4A
and 374 (f’?ﬁ%’?“h’@f _F'e_g ;S’i‘%?d’if%é’f_gmf&%?hag"dg gggﬁtyo #]fg%ﬁs u8taonrlfi)srfﬂngﬁ)felsr(%%L which is
desi gnat epowes aliocptian aridvrepartimgicithioy (SREARsY dichaveplerthging £pnrgrted vina fdeher of
which is ges) S L pndl - -thel N€

vol t ages %ﬁ?p ie g’o&t ‘@"?ggg‘%?%{‘?ﬁg%g i%%?{/hg%ggék ﬁgggﬁﬁg tcﬁ%ﬂéﬁ%’t%gs are
desi gnat emaragepent andasintrolait shej curren gonsumptionbif @ nedefcoaneetad thetelver ebet ween i s
desi gnated as Min. sEPTERARCE htofdile TBAP ol Brefrdd chbollefiNof el piatai! i 11 ed
bl ock diagramillustration of a smart power allocation and reporting
circuit {BPeny thedob inchides 2 datacREmuniBBION PERAEBITaser, the GawerFAPPIBBISEIRUCE| gs.  4A,
4B parti CijbiaddsYa WInd?GardUf p8WEr duppi§ OUR! RfhriRichiish CANKRIBfnadid @2 &adbl i ng.
SPEAR 400 preferably conprises a cuirent sensor 402 which recejives a

volit age i PARFUMIOHION oneamtatopbntlie compisEs todhrinagen sierombingr iaglydap PBh i s
propor t i opedouplers aha GHIAIRN b FRGS hiila 51hﬁri§td?rsﬁma howét aliedatiod@nd RPstting Vi N
received fromthe power s%i)lé.SZ (FI ? 3A) 8%# FI19$ 3B), 132 é}Fh‘% 4A) or
182 (Fi g. SRy GF e®ach coupfer Bejes eqnpesid viadfilterapg & B AR o5 et §F hchanged
&orn vol t gaer sipply!l andhe SPEAR i@(fe%ﬁ?xe & liit! EHeSRdxi e $@tend Qipplidd 16 uhiolid ed to a
mul tiplici téchf conparators 404 which al so receive respective reference

vol t ages A" t"i“‘tﬂl?ﬁ?lt‘?'especti ve programabl e reference vol tage sources 40b,

typically inpl emensdd fufthefV il fKEdtuLict 6¥ith aPprefifradTERibbdimERl 6F eHaCpresenl t age
sources 406 r.ec i\ée control inputs from rrana%erren‘ig & control .ciii)ctui ts 226
(Fig. 3A)nvessgn ?‘f—’i gb ingfdes 3 dya communigaripn gopgerteagor F@?Wiié)‘l’l’gif gpePuBiy via a
bus 407. ibtlhdesnatdniter, andl bAGE Pply.CHS cHRuAREbNNQbIIREcihesy dizndded €. The
out puts of conpatators 444 arei1 sul]%g.lied to % current, li.m tder apd %yvitch 48
7 1 A~l G SomEyin cation concentrator via the combiner to the nodes, the combiner includes a plurali

of couplers and a plurality of filters and a plurality of smart power allocation and reporting
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408 which receives input voltage Vin via the current sensor 402 ard1 AUG 2003
provides a current-limted voltage output Vout. Qutput voltages rVout and
-Voui are applied as inputs to an A/D converter 409 which outputs a digital

i ndi cation of Vout, which is the difference between +Vout and -Vout, to the
managenent & control circuits 226 (Fig. 3A), 276 (Fig. 3B), 326 (Fig. 4A

and 376 (Fi gSrapy (SiEefRe), adhyeouplar Halag cdihbered B8 2 & aratars 404
are suppl i edpber gg%e Ir;;]e %Pg t.r oIg circuits 2% E?S%'é%?%c}%p@ﬁft&e 3B),
326 (Fig. 4Az_‘ﬁand 37 ﬁ? 9. %?m%fvawvmn@us dipoqnneey aseady eommcted

noni t ori ng i NGt dhiPévingi iy ordrourreat i conditierg afo b Wity ¢ B1g,sAC,£ Uy r&géra,ﬁ&%\ﬁ{ ng

t hrough the ﬁe&é@%ﬂ;mdg%d%@rﬁglgts of some of conparators 404 are” supplied
directly to current Iimmer and switch 408, while the outputs of others of
conparators 404 are soffitipmlytinescetrdanc awish tai preferrdd QudB8mantt bi g.fef Qp.412.

The conpar atiavétidh e aus W l.ied directly to current limter and
switch 408 pr aﬁ\{%(sje im#edicggtd gé?:g%t?éﬁtﬁg‘??’?ﬁ%f’? ﬁ%ncﬁ'itraé&rt@? B9y S¥RPIhdlighributor

t hreshol d, WA (2 EPTRRIRAP And t2a pewenksopiy, Othit Puinfi A £iof URBEdge8bnh T HE T S
e

limter and cowirugiattdSoNdedrl filp/flop 412 provide del ay .
action currept cut-ofl ' at tra{b{%{ g?%gnéﬁgglt%\t/\}/‘et"ﬂflee‘sﬁf)rzﬁﬂ‘b’?—ﬂ’i"tﬁ’ll{dFﬁbPIA@ ty s

r;as FﬁnSi ve to.: ds:é? ey a f:gf}ﬁtY§0fvﬁeZh%éna!ﬂlirdity effmhat Stk &Mcaﬁﬁﬁi&ﬁﬁeﬁ,&ﬁ{_ pat ![ on
0 e curr eirtuits (SPERAR s{REcrSMube , age control circuits
226 (Fig. 3A),.276 Fisg. 3B 5326” Ff§¥°‘%§?‘a§?§}e%af§3%&§wmovpﬁosa@ 407.
It is appreératedry frat thies & QReEaliv¢ treThtGREARyiscontiett! powaR From! Sebdae
oper at ed on colmectathateto/@sgl d Vel short-| ead woul d be
connect ed bg#e)g%e]nrh.r%ge \ﬂfﬂﬂa ng %heeVou%.h.t%_lot(H?OZ] ﬂ?vf"ﬂ%f"lagsﬁdi(}éc?r%’é’amf‘w&t the,
corponent s & TSPERRC g'”é?%d Ifeausprpiiciliyereconnen tind hczle NQlpbwer HEedamACe. -
Ref er ence i wherannotedger Bisplaysthe ¥WatciRed: SoritdhMP! | fied schematic illustration
of a preferred inpl eﬁﬁmtilon, of the enbodinent of Fig. 5. inasnuch as
i dentical reference AP Br foUAPICe Y ianprisfetrd mpedimentanfl i, piehdt
schemat i ¢ i invention ghteihob indudeé § da@ chEmBEkdtaN Sgh xpl anat ory and
therefore, ifnélﬁdekg,e g,ﬁgigerof 4conci seness) .no aggrﬁfa?og,nlgﬂa{mé%tsg%ﬁy giég%gﬁobti on
thereof is provided herdife REPETHERY: Ge fommypigetionocabling. cobhectsmtiectuts s a
sinplified PrERicaticapoaanirktberal BalchRbing 1o theladhbnN AP 0L £F irouit
useful in t%@@g%ﬁp@%lg £l gs. IAéEJlgl, 2A fds’rﬁgggﬁrlr%{]eg "gci\?dg& g{uﬁagﬁky
separators 142 - 149. | %pfﬂ BAnd drelity of sast power allacetjorndndFiegprtig
al t er nat i velguRE§PIARD, datht cduplet ikingAbnieRe Sia a&ﬁteﬁm%PEmrto%%H‘theqf 183) Fi g.
A Fig. 7AcsBodspllYRGa! Slfé)/ﬁgtifh'ent el enents of a network node b
including 4 data T ranscai ver 5siudes 3 sumeat sepsqr whishrecsivetd yolmgd irgntdVirar i ous
other ele 2 poweripplyland ganéites-a signdl VARELRWrBEbrhal REhE %ﬂﬁ&itg’g&é%gy i

i r whi ch

t he node. Thethrbddl rouitry typically, conprises a separat
i s operative ttoaaggi:%?ﬁﬁmgg% g&“ no(glé%'f’éa??tf’ﬁsd'&%éwﬁ@\r/g‘? sigRpb fromcherurantisdngor

cabl i ng an@™ ¥5yresiNiREe wiaratavaagere! fon tdapecthad refefen@d VoSl Blircad2 and a
separate power out pyesd o oRMALCalLons cabling-fed power supply 510,
preferably form rég_ paer 0 tl%etwo?te ‘ﬁ%té'&%e BYEes KA Wﬂ?féﬁb@r%f@cgdﬂém t he .
data t r ansEBFRANATOEMGFantRd inputs rpmampagenteer & setiopdlgitgi Fcui try. Reference
i's now nade to Fi 9. AdBiioNdn i Lnpl i.fied block diagramillustration of
a LAN node_interface ciu?é({:g{}?tq}tkudsu %IO%llhr? '?Wéphé%ﬁ‘%]‘ioﬁ’@ﬁ‘ta@fwaﬁeg%lppllqg tand 2B
for exanpl ® WEmbXmitenand sishevtidr mcd®R input 9BltagktVinSiA BRI @kt &gk hal t he
circui try pbviésg.cutBudindid VAt %Sﬂt%uth be built-in to LAN nodes, as shown,
for exanple in Fig._IB. Fig. 7B Shows tt'ypi cal constituent elenents of a
network node 550, i Ffihgemangths odtautaot thecowpaiates mSH6s supllitd) frnhREmPRVEET

suppl y S54conml cirauiiss! Sered 164 ﬁb&ig’ﬁ ing nfirnation JEPENAi ng on the
functi onaldégén%‘the ngde. The i t@ru?sa%%ﬁ(gﬁ gﬁ?@ﬁ%ﬁ?@ﬁ%%ﬂ?%ﬁquées a
connect or fough the B%‘&Rati ve to receive data and el ectrical power over
communi cation cabl i gt &apkdet Gn REQW : tput to.the data transceiver
552 and a separate power out put tgq% g”&ﬂ?r&uﬁ’fé@u‘f‘"’.%o ’Elt)‘?fjé{’b‘?"it Y- thedPisesRer
supply 5t0, preferably form ng part of network node 55D, which preferably
powers the data transceiver 552 and pd3sibly any other suitable circuitry.



Reference is Figs. 8A - 8E, which are sinplified block diagram 11 AUG 2003
illustrations of variaus enbodi nents of a coupler useful in the enbodi menf’s
of Figs. 3A and 4A. The various enbodi nents have the comon purpose of
coupling DC power to the communi cation cabling wthout upsetting the

bal ance thereal ong, while producing a mnimal change in the |ine inpedance

t her eof and revené saturation or burnout of |ine transforners coupled
thereto. Fid “8R" %E‘ﬂi iggludes 2 daig fr@mupionion spreantzatorcbe powsr SOy @EtrgputoSA} or

coupl er 320 ircFides a%)nbﬁluﬂ babh @ofvé}f SUpSIS, Wet&nﬁukMJdnncag%ogéjﬁ&gse o bl
preferred egprg iment of the ese&cﬁoﬁentlon and whi ch ™ ncl udes a palr of

addi tional TFanStor RS EHFY oy d DEhreIthe Ppdass pngr thereombingr dpcdudes

typically | pllgrailtyaasfsdoopleferes(:hvwﬂ witichainelugdiar agkier hACsF dsthiials, teQ&uyhdvﬂﬁgj yde a
Wires

center tap econ ary voltaelsfedtob

of a twiste b’*’gp‘g ??“% hrish Y‘éwﬁﬁfFHFQi%D?&a Eraii, i wisp of pbViptedhBaimnd
prevent s cofwngadithatto.on. Th| s structure al so has t he advantage that due to
the fact that the saxgdjggl arried on both wires of the twi sted pair
si mul t aneously, the occur"rae¥1c'é aS'f’or PREHSYT &ivdered eRadimgnb Ry el presst cause
a power oveRyention tharhubdutiudbonddta esvantcagen @hcdnbrir, el gotletl EpiySdidthRlod t Wi | |
not cause t N:no ich | not speci ally adapted for receive
power overbx'? %ﬂe}&tg vi g‘%mtg"éﬁg“?q g)gv C}M}&p Ply. the communicationicabling oppests th <lgta

coupl er 620°PmElBisation eomeqkretor 9i2 Ghg chynneBA) ther ncmes,lphdalthe?:é’&uuid%\- Gnclddd) a

sui tabl e f oflurkig rred enbodj nent of
the pr esen'?iI i nvgﬁg\%&g 2 e&ﬁﬁ'ﬁf&&cﬁﬁ%@?&%ﬁ%&{g% atﬁnaf8$"e ighy ‘6ﬁ%f‘|m°fe1"§g@lﬂor ner s
630 for eadPBt&tisghiss a ser-ptaiayfwinqhes spli6 B tanoese;taqu wintlings dnd alcapdcROSKRIENRI S
which are cladeaes e 3eg nda 632 which is split
into two separat eq{w{‘ﬁeglﬁjr%é;t&y%p a'ta% é@gﬂgéALA%gﬁgl ec%‘ff’é?y CQNeEA faE t ¥

bet ween wi TARYiRES 18 3eries for }bgeﬁeww@y@msdmmo:ffestwmisomk yheaoneindiags ke t wo

wi ndi ngs i megeries for high frequency signals, such as data signals, but
effectively isol atesFthe two windings for DC. ' - . This structure enabl es
the two windings to fuERern scearfraee Wigka prefsired srebodimentafgaet firasentinNentigrethe vi a t he

same twi st @b prehudes Aila@héMAhRBRIoR cobdihipact th%WePsd ?] &]%?\h& flplakes a net
Zero DCcur nt wgéthetvvl ted pair and thus elim magnetic field

t hat woul d o'f' 167 RS 8 PRYEFSSURRLY. dhecepmimgication %W"@t‘@ﬂﬂestalthe @éﬁmwmﬂeur rent
i n the sanmeomtenteetriviandie corhiflner & ihd @88ds] @I cditdr SicifdRLa p&P%F

ypl er
220 (Fi 0 4A) suitable for use wt agqsf ﬁg
accogdagce cp E&e"%ﬁ#ﬂ’@ﬁ@é%%ﬁgb'ﬁ%% %}’FC‘I"I‘T&“W@MCQWW@}%H on and which
includes a pair of G&epaithedris dobRdanbé Ghines f;ﬁ&tﬂréﬁelaa{b&lirf?&llf HCHe" prikdnpachi ng

the LAN swtch. mhs strl CtUEEIS rel.atively sinple and does not require an
addi ti onal "t Fanef S RAncldes,a deipcompumuiqaion cogcentator. dhe RoMsT suppbhdigtsibeonpl er
220 (Fig. ®wipdesra cmumharanam)pc(»ﬁr g;upp‘ly‘\)théi beﬁxa&h&uw lcablg dbhhddtsAthleAtd N

d t t d which
et udos. o piAal Enl R £ PR ChaE Ah s an e ecrombeT GRS B DC

from r eachPbaig qfh@pLCANssmhtclc laffectivaly bivick U o irdaclithe Ghe At t doiuicatiop! € and
does not rghtdnf&,AN additional transfornmer. This structure also has the
advant age t hat due to the fact that the same voltage is corned on both
wires of the tw st eddfiginallsimatdoahrecusity,a phferd Cenibodinga: OF Me Spredeht Ci rcuit

t her eal ongqydnkid r rl oad. An additi onal vantage of this
structure |s nxhnaﬁx@%uﬁﬂ{éhﬁesaa @?\(lz\%&ggj\ﬁ%ﬁpﬂo peegiatar ft I\Q°H8rd%’p€\]|¥ dg “ﬁ"g ot

speci al | y Beludst edcamyiner and iavrowen senplyo vher cdrdmmnioamrt eﬂ»hp@lcbnneasghe Gfata

descri bes Quafichn 40 ch t_coupler 320 (Fig.
4A) suitable for usnecz’vm&nhﬁ& Aﬂiﬁ cg%ﬁ'@%:rotf) aen’(’:% Wr"@% PEBAdi ment
of the presidhilancingsapaciser-less andsransfbrmies less @eﬂrrfonlmidabmpﬁ@g éraion nmode coupling
circuit. Conbiner #LQ.CAVPH r adj ust abl e active bal ancing
circuits 702 and 704, emyghea?‘zw%\gglrl@? vdzstrlﬁ)rll'méojmcﬁ 5% iPOWehi PATAREREU Ct i ve
sensi ng arfncEetdYol circuits 206 and 708. Tt is a particul ar feature of the
enbodi nrent of Fig. 8E that the two pairs of 51
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1 1 A-JC ~(~03 adjustable active balancing circuits 702 and 704, vmi‘]cm}grmm
operative in conjunction with respective sensing and control circuits 6" "
and 708 are operative to naintain precisely identical voltages on each of
the two wires conprising a twisted pair coupled thereto. Normally the

out put of a LAN switch is coupled to conmunication cabling via an isolation
transfornmer 710, which is not part of the coupler 700. When precisely

i dentical vol tages, asiddftonslyahahovar eupplyplisteihtdronagacddet pbd& hatBseMeh 6

conpri sing t B&doMusk ach: Rl ... re i.s no DC voltage across the secondary
wi ndi ngs of the isol g??l%ﬁ&r{ogl%(%ggg(r?r%w%g’eaﬂﬂwfhstlgpqﬁﬁ PXYAERNST BHES Fi2othe

t her et hr aughSCMRYNcagpRs aabling. t he need for DC i sol ating capacitors and thus

i nproves the bal anci ngygemhoPgd [ ehavi or .of the conbiner. It
i's appreciated that whereas in a %ﬁeé?%%ﬁ@ap tigi‘tﬁrea'f‘ays%[‘lgﬁl t e EsHRaR d not

be any need VTSR Whiclhisiopsrativado aevepr the ppreationrof sdie penb adhaementaf chitgl SE,
inreality dug to variations in the DC resistance along the entire

communi cation cabling_system the DC voltages on each of the two wires of
the twi sted pair woul BUHSIMG it deparfianat with ahpelabsbrobodihencsf we balanci ng,

t hus creat i rigveatibXihe Mah@Q sl i 4 . transformer 710
whi ch coul d au;e eit ﬁe?gsgﬁu@g??aglggg?%g%?}ﬁ%ﬁ%&g?gP %’rgﬁéwsp%w Thanggement

Ref erence i Rohits: Fi g. 8F, which is a sinplified schematic illustration
of a preferred inpl enPgteaibi W i Fig. 8E.  |nasmuch as
P i b e 0 SEHAH BByl bkt com s ARGy

i denti cal reﬁF)gr ence ,nuner als are enp

schemati ¢ i POEI4E F43 cypmimiggtionsgonrentrgier therebyita govbm thed durrentphateatf powerand,

t heref ore, fusaget he sake of conci seness, no additional textual description -
t hereof is provided h&iein. Ref erence is_now made Fig. 8G which is a
sinplified schematic $9%tP0elatn afroptance pitht & preferednpihlendimnataf othe qiressiite .

enbodi ment  @fvestioy. thowet masagettdit &Scoh@@Rhit EGhmARERL SAGS 2MTRE RS f$/ia|a:.droﬁtrol
of Fig

enpl oyed in Fi.gs. 8E and, 8 the schematic illustration . 8Gis
bel i eved to ”E%Bgeéﬂ?'g%‘xﬁr gﬁ%?g%sir%}%é%"dfh@}deﬁfa e@ployesy for wentrolikg vdtethenflli weness,
no addi ti onadrtiadldinctiahaliclels providéd theredther eof i s provi ded herein. Reference is

now made to Figs. gAAIdd .G a\m‘}i ch are si n:PI i fied block diagramand schematic
‘S akontly JifinoRat wangeement & rontsel it seneds dhat mains pewer to

illustrations of variou
embodi ment sthefporemysipply distritdndr & nbh apdileble aRbbendd 2 c6isP indRideqB Misk Rolidigo

respective gmgﬂ%r 1gs. .8A 8G [In addition to the conponents included
in Figs. 9Ato 9G bt%ﬁ%gé’ﬂseg%ﬁ?%%ﬁ’émﬂﬁy al so include appropriate filters to

avoi d interpair and Fathermae theawds itchkiés. essdueialvarehiay SwRIBD AHefBRE SoNBME t he
o, P PRSP A shE AP S SR\
~ ~"~L~~ i TeAyed TonTaduged functiomedityl dpematibompedance t her eof and preventing
saturation or burnoutrpdf il 4,3 tpl:d%m%& o H&{)xsdar?c%uvalheg pFe?e%'reg tex('?xbodiment of the
( present invention a method for setting-up a local area network including the steps of
providing a hub, providing a plurality of nodes, connecting the plurality of nodes to the hub
for providing data communication by using a communication cable, and operating a power
supply distributor to provide at least some operating power to at least some of the pIﬁrality of
nodes via said communication cable.

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

operating a power supply distributor to provide at least some operating power to at least some
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Fig. 9A describes a separator 1600, such as separator 142 (Fig. 2,&61 AUG 2003
suitable for use with.a LAN in accordance with a preferred enbodi nent of
the present invention and which includes a pair of additional transforners
16t 0 for each channel. Transforners 1610 are typically 1:1 transforners

whi ch are characterized in that they include a center tap at the prinmary
via which the DC voltage is extracted fromboth wires of a twisted pair.
Thi s st r uct theglunditnofxiodss tihaibbhlbaandeaidfcommenikitioe ceulidg, phelsea s LW &k

sat urati on,, 4.l Bl r - -t hy vant age that due to the fact that
the same s etlgtH chdh . %géry{ngﬁg%%g%g?tﬂm% 1‘}?téegf(‘;{lcc?f g \tkno t B e{)aﬂ“ﬁ? data ‘and

si mul t anegepsfaely pediog pawerdme sodsfpowesinprttand datctaiamotddatadiapuong wi | | not cause
a power overl oad. i1td i ture.is that it wll
not cause burnout gf?l'egq%&%\lé %%Jjeedaﬁ%%%h?gﬁr@{h ’}segiengfhg% #;’;g/f%fé%%%‘%bé’émf xrl(}rotfr ecei ve
power oveithet peseptyjnesngien @anethodfog setgms-die 8 dpdabema aetswepamaluding 162@ps dfich as
separ at or ydARidH dS At f.er 1 Ji- ith a
preferred penbo‘gi, nlgrr?f S@%mt%%_g F;ﬁ)‘%@gﬁ? H?ﬁgﬁﬁ%ﬁng&%%#@h&ﬁlﬁg{sggglg%gwpai r of
addi t i onafortPreyititeotatsonmpBatiorayia cermmuLipRtion a1bling randh opesativg RPOWEIOPRIY €

typi cal |y gikiribufof @ L j taelel | ; l4ac! ude a
primary 1632 whi ch%?‘gaﬁhiﬁf\&?!ﬁfggp?\%\tglggpgggf%tagre\%\%g |én§stul1@%r3mg%m?c%§6. A
capaci t or Vieghocqramynisarien: cabling chepesverviuprly disyibuesinchidtig Poyer matageneeapaci t or
ef fecti vehctippmect s the two windings in series for high frequency signals,
such as data si gnah_ﬁ, but effectively isolates the two wi ndings for DC.
This structure enaBP®e % Fevideh m\pseardagrs With anpthey prefasisd cmbodimess afithe e and

negative peicheigesntivh a rﬂehﬁ,dmntngiu@taemcdma%e_a.nemr@ga@afs & BftribdddrSost ructure
isithat it aﬁgllle a net 7kero DC current ¥|a the tw sted pair and thus
el i ni nat e¥**t'Hh& 'NRLHEL PEVPIOFPEFRS tRRoYAPS of PRVHEE iRdwing Buts Proyiding ad t he

twisted pplimliyafhoded ahdcatuthuridation Babling coMBRing kHeQMIrhIRPSf nddedto MabdBscri bes a
suitable for use with a

separator_| 650, ,sych as se argtbor 142 (tgi . 2A),
LAN i n act8re: %S@H&n ?W"&I“‘ﬁgtéq“ FERF TR RO Fgﬁ‘i"i‘?r sprply fistrigntas bsiRe QPABEYR | on and
whi ch i ncloytleddezat pauistr soble oparatd pows td G6RastRbmd ofiht PRirdlite bl nddeo ik thC from

reachi ng Qg e clrcuits. This structure is relatively sinple and does
not requiére a%%gtgodll‘iaﬁg’ﬁal transforner. Fig. 9D describes a separator 1 b70,

such as separ dhere if gravifdd 1. acidances with alied gredenr invidtionih s¥stein FolNistridbutpcor dance

with a pr [ t t he .pr nt.i.nvention and which includes two
pairs of %%géc%lﬁ 8‘% g‘g %gé‘g& g‘n%f%g%ﬂ%f caf%{ﬁté% fngésttrlu\etgfeytobqn&?kmﬂe ?lerci%glr eachi ng
t he node RAWeET gonswming metvosk denites cemprsiag 8 clatacdoatriuviehtions icatping nawabrks laoes not
require et} sf.o r...D =1 Al~ ~~ ~~~~ This structure al so
has t he ngggggj ggeheeggﬁgt 6‘%‘%«2’ %tolre &mf af%tw e??ﬁ'fﬁ c?rﬂ%nqgacr%'pl\%lt? g}éee SquEeee firi ed on
bot h wi r etlectsicali fioaer giddo the dptaicommiunigitions erdling yerwerkgheoatdenst arpeweafdam shor t
circuit thghsa | ayse; a n.addi ti o advant age
of ! his structur ga?dgetljﬁa@%&a&w I mze(;:?%\é\ggvsgr\é%{w&og?wofs‘%'qﬂ&kfon% & Wi ch is
not . speci RIMMn&NS dgnaf eeeiyeddeany the dataspmpyeicatiohecablivgsteebrioad as.to Field. 9E
descr i bes Gnfbfiaa pakeidah el SHER 18 i63G0AHG Rfpul Sfto (Kd Gy myriddlibAP! € For

use with a LAN in accordance with a preferre 1t e present
i nvent i orfeRRg Whverk and & least ong Mowewdatay selistenadapteddie taoeipt itheg cambinedi t .

Separ at OfpokéMfhtaC ARl it EWRCPAII SpRhteafirbiRiR RleCorfilal o NAARGAHC] T CUI tS

1702 and 1704, which are operative in conjunction Wth respective sensing
and cont rFnalend dglovefreapersy gawersmal |t is a particular feature of the

enbodi ment  of Tid gata WombklaikatfoR® nbMOP Maly Scotprise 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.



adj ustabl e active balancing circuits 1702 and 1704, which are operatf w5 g3
conjunction with (; respective sensing and control circuits | 706 and 1708
are operative to maintain precisely identical voltages on each of the two
wires conprising a twisted pair coupled thereto. Nornmally the input of a
LAN node is coupled to comuni cation cabling via an isolation transforner
1710, which is n%eg)%ggr/&;a t hebl.separ ator .1 700, Wien precisely identical

vol tages, as aforesaid. are HHiH @ B chelraiy ehéta wmy Wrrerortsmpra si ng
the twisted Rhuplity of Het @lispower SXEput @bt:@echaiafaG por ARJ Bt P Yowr REbgRof the
isolation tr o) n hus..no current flows therethrough. This
obvi ates t heﬁﬂg%da;%é?g%%g?@gﬁah %%duéoé]pgbce j RoBfeL’ gﬁﬁ(ﬁo‘fﬁi’iﬁ"é 1 RariRdete respive

bal anci ng arff°risHdthim e ARuain payebelepricty amdniftheupsRAeOSupplyl(UPS) or an

appr eci at ed shdifdr pAbRIERSconfdid, t Neoretically ideal systemthere would not be
any need for active balancing as provided in the enbodi nent of Fig. 9E, in
reality due to vaRg Apwesista emblner DEnprises seaus der ilteing Higte freqiehdyenoise and
communi cat i @ppleakdri g e es on each of the two wires of
the tw sted E%i T woul ééé/ng}ge emlglggnn%cgﬁw ?rn Fhe 3%”%‘3%%‘“0@5 coppgqtipy and

bal anci ng, fiscRanestiag thenlgwfromengy poweresighricp 2ad Frosmsthé bemtpiedremepyt pdwer/data - .

t ransf or mer sikial @ndviyr ld_ i tlon ar. hur nout of

t r ansf or ner .%7 0. Re?gtreée\tﬁ’g'engilgﬂhhggvo%%gfhngﬁgw f%‘ﬁbl?eg OYIRY} pASYSF/ ARt g
schematic i Pftration of part of a preferred inplenentation of the

enbodi nent of FiThe sQdtem iiHetGHnpdse! 706 therepof.. |l nasnuch
as identica referencet,nnurreral S sa%ea%(qal‘g?l e@;’é‘é&?rﬁ&%@#ﬂg&gsp@’E’SQH‘Gg@ﬁ? t he

schematic i {hF gdatp FaPPBRCyongpaglingpetvark the pawer/dats corhlinesedd powpl/danaspliters and -
t heref ore, baited in eheshleofitnuaRAInS BMESSner@c addi tional textual description
t hereof is prov%d her‘fi n. Reference is now nade Fig. 9G which is a
sinplified schermafPeVFYdaiAstplittsricam be fmplemmantedfas 4 standdlenervait or inégenteinin@td on of

the embodi nenvorbfdeFicg. B, pdwaeliaislicHElbiBbreBN oinp&0 4nSAC/DC of DDE ‘JrvL:r 3
nasnmuch as identical reéeference nunerals are erﬁg oyed in

and 1708 th%&\?e%ferfl .

both Figs. and YECTHEELEh efReted Igy frepvercytrowar ggnaking oG morbelipatyed t o

be self explokaggs.ory and therefore, for the sake of conci seness, no

addi tional textual dﬂicri pifi on %gneof is provided herein. The circuits of

Figs. 9F and 9G is provi HEFOPLRPVEGE i arcprdanice With thepresepieinyentiprie methodIforon bot h

| eads of t histribwiisg eldctpail power owkti aCdutd doRiuakstioh Rl lng SnflaRtnRERE o du@ ofﬁxseﬁe nt
current flgygc‘tr?‘rl@ég)grérng%%f orrlmer% 1710 L&Fi% 9E). "This is acconplished by
the circuits o Sne S EIEE NERTK SEYIEFSt themetiod eamprising the stgpy pfrasursaingiee
active fil ey §equrocy powkrisigd ftund e rsolirbe ot akttrical pmer,eihﬁm%ttge loPReqibghy! 708
respecti velpfwer s ﬁ{oe‘?ﬁ:ﬁai:os nrllgn\{\éargade.tol Fi g 10A, which is a sinplified
bl ock diagram iiTustrati on or A PRI RemE faTisd OYRSithe dav sammumisaenter
suppl y and HRR& it sassctp gemmatelnicombinaiwesiidti Kigna,ansimitizark athiaer ati v
i n_accor danggerydatahsi odi.nent of.the present invention. i As -
sekn in Fi 3 ToA" 1 g?é&;gﬁe:)?%%?%ﬂmﬁ%gbsaﬁa&%%ﬁﬁ@ Qving A coaigsdi sing a
hub 2010 wRP¥H/daiz sgnaplearded byer abbkiata gompuéation ehbling mtwdik lad egli@abireng
system tOcémbthddl el . uch as a desktaop conputer 2012, a web
camera 2014, a fa@gemxzftgg_'ﬁ%dg% %39%%‘%" gﬂifm"f‘@“@ﬂﬂ’bﬂg?a?é‘fpé’&teérf{ﬂ%thﬁs an | P
t el ephone M@“W%GWWWaIZOZO and a server 2022. In accordance with a
preferred embodi mentr,Qfer i GeBiERE With epk{r%ﬂ;rlecp Qm%or&?nﬁ&: 'oF the present invention,

the data communications network includes an Ethernet based Local Area Network (LAN).

Stift 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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provi ded a power supply subsystem 2030 which is operative to provi defalj§ 2003
| east sonme operating or backup power to at |east sone of said plurality of"
nodes vi a-the hub 2010 and the conmuni cati on cabling connecting the hub to
vari ous LAN nodes. In the illustrated enbodi ment of Fig. | QA subsystem

2030 is located within .. the hub 2010 and includes a power supply Z032

whi ch suppl i es operahifidoRayen AQcHifHce  witP3C KR RO Walhodifent 856 BidSpredeht nodes
via the conmuni cation cabling. The comrunication cabling connects a LAN

swi t ch 2034MVanHon ook furthgapeludes tiesteps of: dilisrisstiemrgusicy Tpise ensndiipieer
couples el egdrh k&dlowlR¥BENCh ?Q\U&rts@%&ﬁ‘éwc? tﬁéjﬂfgegt_ i% 932108 ﬁgﬁlggggygovce@ Ggpi cation
n S |

cabling to at |east sone of the odes. Irectiona ata i
comuni cat | GARECHPO AR MRFERFCtRS theolsy fFRauency peveypisizhe andnfseahe spmigned

subst anti al duypuwh&muhta isizh QI dRdcBRNCR-10hdarR GO AR RERiWhE &h BidoBibRied 86kput

enbodi nent of the gée enl% Invention, there iis provided in hub 2010 a power
managenment PEWEHHAR tgnal 3R coyeBGIe EHTATSAIYL Fequsrry PORRSiEaRIdnionEe BhRere

suppl i ed byusiubgytageem 2030 to the vari ous LAN nodes via the conmuni cations
cabling. The power nagenent & control unit Z038 preferably conmuni cates
with a management V\o%gg’éﬁe%ﬁr ‘56‘2%?1 ”b?cé?%f"éfﬁl"ﬂft vhe f%fe*Eme'&fF’%& YRR for
Managemnent divoribusib@éle@ticadpower bvérk ditacomintnicatida4ebling ifffafudfure/8.onpbehereabl y
under the G Qttélr oll é)f an _oper at or, kt%‘govera %.he errati on .of, power,.
managenent CBoEH PAYer (it isek seopk devices Jpeladin aqtain Spmamsiolt rarine

wor kst at i ome@@4K) ansayrce of eledtri¢ah povegp e paier Qippdf mBads tfhrpdeRerftiger lowehagerpnt &

control units 2038, .The power nagenent & control unit 20 ma | so
conmmuni cat é’gme'tz?fg%érffoglugpiwcﬁ(?geezggggl PO FATRNT S5 ‘Wpégéei%? ﬁ@ta
standard LAbmmesisagescabling ieeworkdbs cdnibiree higadsdoigajeaing thelew frequentepdwarnde of
power usage; [ ment . & tontrol unit 2038 . send
control m§?3§§§t° I'C ‘4°§‘r’“e“8‘§)é¥§°6‘é§§“%g? eq?ﬁ% eil\(fvﬁr(r}é% A2 RIS °8Y 88 by
cont r ol | er getwerk preascior vielidta goratfineRi ppwer/datAsignal, 4Bgdlgor means ifor tegulgtinghthe her
full or paklidbnfdnhd eRald ' Vi e clfl se,
when t he po‘?/\er _?ra_nage’rrent °§‘y°é%’§f ?%% lﬂ%lﬁg 0&%3&?2%#5%@@&3"@%&% 1{a?a;o&v\lgr to
power suppFsguiRbopinciuding: bugvnal limisedeto, ceasing yhesiaredtion efohe oo freqyuercygpowera LAN
Swi tch 2034igh 2 afPhtAfBing S ciffehi, SR chANhARISE '
reduced powgr node. In% ?g seén Uc1at t he co%ﬁ?@ﬁﬁ%ﬁ%@ﬁﬁ%%ﬁgﬁﬁhe hub
2010 to t h&omethricopbiseshpevesidancignal 4ndcfer autbettivg thei onginglodesr sememenientiorer 202Q
carries bogj nggﬁ@{h@[&q,fpéagggppm naiWi | e the comuni cation cabling from-
the hub 2010 to the hub canera 20I4 and LAN tel ephone 2018 carries bath
data and operating SuwWesr inatecrdanee wishwomicaed erobpdirenst ofitke presephinveationibet o t he
server 2023atg adrih@ficalPhstheSdkiinctlides @n EdBInGdalod AN AR NRRERRBIMNEONSt ruct ed
and operative in acggﬁ)dﬁl&ce wth a preferred enbodi nent of the present

C

invention. It is ap L fing #rPriange Vi at prefermady epbedimensoatrthe PEsR®t whi ch
recei ves phnentiof IRl poine suppliTaetics B tafedCia Phdeive elekiiitd! WidBiSandA € GRsaicer f OF
separating th«% Ieﬁltri cal F'@owe fromtr]e gata. In the illustrated

enbodi ment "GPP E Y. "L FR™CR p'é’e{féﬂ"&t”barysa%f’r e pdaptedate] seeivst degtagel figm R
respect i veunindesptablecPorvee Sipply (B@PRr at el y designated, it Being appreciated

that alternativel i,screte separators . be enployed. It |s a particular
feature of the en%oglda‘é‘ﬂ?aﬁlﬁf'“ °§9f3a“69wﬁ§¥ HS?HQ‘B odient pRfne B‘rf‘)"éenﬁarri ed

on t he saniavéntios t@nbine Apete ifdhides mbdns et HREREGEIPk @berk)) AdiseRing ripgle A
illustrates one enbgg?i ment, o adsl}(;c?tem pr%vi [ r‘}% &lil ectric F[_\)’ower. t o .plural
LAN nodes via a hubVSKVEIAATTRIBLE "0 2PEBrTsdo osimseaf Hy AR HEW Y var i ous
LAN nodes. théwnepuiaex datddadnklutesiheant for saying haciiay indhdigwdleQihéy sovap¥Rfiall O

pl ural LAN nodes vi & hu i i

.hub and communi cation cablin onnecti,ng the hub to
various LAN nodes i 8T'PPHSY r'ﬁt%&orﬂwcﬁvﬁg 1 f’f%ETJg.em%fCK"‘f"Itl?flsf}\ca?r&en% | ocal
ar ea net womkentiou thgaeguipter deuiveincladys phegnsafor] devetiag @cdivatl antoeriogbcaiditioes t o

provi de el SFhk L&&Jﬁneg% Lt F;0(‘:)%llr/&)a(t:aasligngtr ea network nodes aver communi cation
cabl i ng. :
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Sh 11~~~ ~ 2~a~ Reference is now nade to Fig. 10B) which is a
sinplified block diagramillustration of a comrunications network including
power supply and managenment over communications cabling construciédﬁggd;mg
operative in accordance with a preferred enbodi ment of the present
invention. As seen in Fig. 10B, there is provided a |local area network
(LAN) conprising a hub 2060 which is coupled, by cabling, preferably a

structured cabling SyMet@Ahert @ Rcothiahe@l ity aOfrefs u S skt op
conput er 2062 a web canera 2062 a facIS| fan%re ﬁngjc%ﬁggérfﬁé G }% LA en{e

t el ephone,’ nYERHEN. Phe st meal soninglpdes él”@ﬁ?ﬁﬁﬁ’é“‘wﬁgm BORONpL Rty p@@l?iomagldnsa server
2072. I'n abedadesmsunidatibnScapligfmefwosd :&rﬁawéi/mnéon%e)is*lﬁd Bb&G&Rit s PﬂYe?Pt hon

there is provi.de ower s, ubsyst em 2080 which 1S operat
provi de a? ey 9’%3?%5"%@%’%4%@*&?%}&%& power to at | east some of said
plurality of nodes Rurthet il@cddedancd Ghd aﬁi@e&éﬂ%nﬁ)oﬁﬁl@ﬁﬂé@thgﬁpés&ﬂ ivRld 'cr]

es. In the illustrated enbodi nent of

connect i ng %Oh ub .t o, vglrdl ousd@le\l

Fig. 10B, “Stts&9%Erso Hshides af chO\X)ief PRy eRi¢TefoRn fRNVROBE the dxirastdduldws a
power sup@ew@@ﬁﬁowﬂnmgﬁmsﬂmpﬁdces]oﬁmﬁxtpatwmg daovver andl or backup power to
vari ous LAN nodes \Ma t he. conmy ni ca The conmuni cati on cabling
connects a LAN swi taneof8H ch‘g ACHY ?P'§?ﬁ5fﬁfl olimaent gbihe pogent inyestit® vari ous

LAN nodes fhermagMBwefupmluﬁesl atBC/DECRwWar Butveles B emldrifaaihe RAMREdf tHRM t he
cabling to at | east sonme of the

power sup ggg t he comuni cati o
LAN nodesﬁ %‘ gl re@’tﬂg} mé%?nc °E%‘Wprﬁta‘f°Pt65’f§ from LAN switch 2084 pass
t hrough t he power suppl y int erface 208b, substantially w thout
interference. Tan accor ment of the present
ingenti on, there is pr o@ %@%@%%ﬁmagemnt & control unit

8 whi ch nonitor ghandsmmcrmbsmlhbe tpﬂmfoodsamm;apedzada& nfodd fils oM &880 to
the vari ogfiodHb 8@ cabl i ng.,.The power
nmanagenent F) c%lntrgel%%ﬁﬁr?néfggaggp %gr ‘ﬁnth %Wl fof:id q”%:}ih a managenent
\é\gggst ation 2090, Pigefkx atd }/aneau@h[ﬁcl\Ibbck dlagm:hl 1lldlmmnef € ko erzﬁivatl on

is C)Q@d’oatrhéﬁ%, FRY trol of an opera govern

t he operation ngh E?oge(%gﬁl%gl?ﬁW&Q%@d&gglp 5% rsu?ﬁbf ORstraYe ?qp?myl gﬁ(ﬁ?‘@&l at ed
t hat a neRPAFEHRRINER! Ak Retver esXy90carmyunipati@Y qablinpecongiax@t iaod opdrativelia i pl e
D085, may ol e e S e S R e PR Bl A o o 2084 by
provi di.ng st andar dFigaANnedstRyee simplifierebladkidisgrarh dliustrations ofj ovealtertakied r
current neafbedinienR QN locHSRG hetworl inQYARPA uni t
288 may send con}rolocrressages0 n71 £§3 Bowé?@ﬂiﬁ:f 6@/\%@9?2{8:&8“%52%2&%9& t he
LAN nodesP°§’ﬁ‘<’:|‘°a’f’?§l HrpPSyak WS@d?ﬁqowmue\cglanvahlhe constructed pyd oferdivgin  14A &

14B for  aoirdmbd wilgaiohe BefertddmbodineRArticHrestd AR h@aal i ty is provi ded
thereat. In one s;r)rggglflc case, when the power nmanagehent & control unit

2088 senses t hat Sns3 A ofesB 14 pﬁméaﬂe%@?ﬂkyd@msus‘ hdts asefill @btk it nay
send a cembbdihaemsﬁagemlaad Lﬁ\ms&w,\pegh z0%$4 to cause the various LAN nodes
to operate in ab r educed Power node. ‘It is seen that the

communi cat i on abﬁ:c 4f‘\r5‘m§ﬁé° FEB %6@%“()*%@%!@&@%%@@&9@“@%2
facsi il mhsmémmﬁﬁﬂﬁ%@dﬁboﬂmwbﬂmgQ@XQa TRFekpeRfivedpt N data and backup

power, while the ni cat I n fromthe huib 206Q to the hub canera
2064 and LAN tel e?rsom%‘é ?86‘31 ‘OegPﬁfgélaﬁ H‘“ﬂ%{f‘é’"é’ﬁﬂS'Bﬂé?%’}ﬁfﬁgo%é%?ndand t he

comuni cadppuimg cabiitivedfulf ih ¢ dribedifens 6fFidshes B Y& a2 carries only data, in
a typically LAN ars an gerrenthqcfﬁé%r uct.ed and gperative in accordance with a

preferred enbodi mifk 672 ¥R fetiq ‘&'Fé’ﬁ‘t“?“dﬁ‘helembf’@'mie%t o iig- éci at ed t hat

each of the LAN niies 708278 20 &nplink elock w?ra&&?summ?s foeLANhﬁ%de
or separately provi

comuni ¢ n cablin ncl ydes conne r i ng

el ectri c%?ér%%?/\erm"gﬁdgﬁgl a" ‘F‘h”ﬁ’?@"f“fnf%gff edrefndti sranFigst 1B & 2BOB) the
connect orespeatieely;ypi cal | y internal to the respective nodes and are not
separatel y desi gnat ed e| n ted that alternatively discrete
connector nay be g}%l %@ed8 iafe g@&gfpeﬂglﬁqcﬁc‘ﬁ?%?mfaééts%aﬁﬁ ilpsraiggms Rfi nent  of
Fig.10B that data and power are carried on separate tw sted copper pairs of
each communication cabling line. It 3% appreciated that Fig. 10B
illustrates one enbodi nent of a systemproviding electric power to plural
LAN nodes via a hub and conmuni cation cabling connecting the hub to various
LAN nodes. Anot her enbodi ment of a system providing electric power to

pl ural LAN nodes via a hub and communi cation cabling connecting the hub to
various LAN nodes is illustrated in Fig.11B. Fig. 11B illustrates a | ocal
area network including a power supply and managenent unit operative to
provi de el ectrical power to |ocal area network nodes aver conmmunication
cabl [ ng. In the |Ilustrat ed enbodl ment of F| g. 11A a conventl onal hub 2100




The conmuni cation cabling connects a LAN switch 2134 of conventionhll hYUB 2003
2100 to a conbiner 2136 in power supply and nanagenent subsystem 2130 and”
connects the 58 1 1 AUK L~~3 combiner to the various LAN nodes. The

conmbi ner 2136 couples electrical power fromthe power supply 2132 along the
communi cation cabling to at | east sone of the LAN nodes. Bidirectional data
communi cations from LAN switch 2134 pass through the conbi ner 2136,

substantially. without interference. .I.n accordance w.th referred

enbodi ment Gf °the" |5’rgle’%°é’ﬁt°?fﬁ%br‘n?eirlﬁﬁmt’%tg? 8’“‘?"%’%7‘8\%@& 3?’}1‘&53\7%r suppl y and
managenment subsyst enftZi3P\ p ke rrensnplifederidck Sdigpoant rod sehambti RS ranbascof

moni tors ang_.can e Ppo i€ system 2] 30 ,tg,t vari ous
LAN nodes \r}lSL g&t_?shée“ﬁ%g%nr%n% (():aat %I%%rg%gglg%ﬁflnlg.tp#%@%glgym%gs %ﬁ%ﬁgg%@ﬁf‘ %%éoﬁlt r ol
unit 2t 33 prebaetdl yitcemhinisodfas. 84 t$G.a managenent wor kst ati on 2140,

Dl eranly i 2 Lharl 19aWn VANRIAIRAbIMPLKELANH ekl Or L ARGLALT Ve
preferably under the Control of an operator, t0 govern the oper ati on of
power managREthedimegts it sopimupinition ngigork inclikding pewes sitprthe dnd: tanagement 9Egenent
wor kst at i ONyogi A BRdhs IGRRS oRGEuERET Bt QBerfive MH tabmr@angé)"@fh M nt &
control units 2133 and may al so govern the operation of multiple hubs 2100.
It is seen evadimepeofchermmesentényeation: cabling fromthe hub 2100 to the desktop
conputer 21 12, faCSFi?!.'l‘FA@FfBE!%s%ﬁ_e@ﬂlgcl@mga}%%fus%t%gs 68wl embiRkeh dat a
and-backup power, while the communication cabling fromthe hub 2100 to the
hub caner a ebedimenfy of ajecelarea gpiviqek including pevwyer supply s aRSEMER B08 Pavraiveng

power and 48 froGiddBMEHERbSWR tcP1BE hidd ndtvernbR ot Bordhflcdtion tdMlinger ver 2122

canmes only data and . _but_ need not,_pass through subsystem 2130, .in a
typically LAN ar rvang"gg%r\%é‘olr@t?ﬁé‘f’é’é}ﬁ%gna@mi?ﬁ%ﬁg&“l Yhustrationgofoy ibisefilint h o

preferred embodimithtsof FigheoR BERBYespetteRtion. In the illustrated

enbodi nent of Fig. A, ch of the L des, 2112 - 2120 ,, whjch receives
power is provided V\/i]%ﬁ' ég‘gé&ﬂ@ HE S‘%‘B@%fig’? diagrany, dlustratiops, gt 2 P @ud &4 £ r om
the el ectripowér Juppigrand anbnbgeledtGubdystemarsBiNinCthé embodimbiti BYFigTheA & tieB nal
separators _assaci.ated wth respective nodes 2112 - 2120 are desi gnated by

c
respectiver?sg?cgyeé}‘rce nunbers 2142 2150. Each such separator has a
conmmuni cati on cabl i riigs. NpAt &aMB aepainglified dioak alisgranswef tweltdifiérent dddei S

appreci ate .some or. all of .the naodes 21 - ey alternatively be
provi ded vmg?'kﬁlﬁr? ‘é’%sn“é’ffg’s’ag’ﬁf‘aﬁ%"r"ge@%ﬁ a{&‘sﬁ% lé‘%g?}g‘;f t he nodes 2112 -
2120 may be provi dedFigilf lis sutiplified bl gagamorfs. nolid canfigapiioneehiclt emntieat i n
addition t desctihgd herei nabove, the present invention is
useful wt eﬁ%rﬂg?@%ﬁ "2 e&r%ogbs such as) for exanple, wreless LAN
?:(a:_\e/ss poi nts)pfrrer denclp lsiaggnnienagz@yﬁﬁvmharelilbm&nms,pop&gimgagmdipeb@ér s)
camer 3Smm [y Qﬁgg r c Nt 0 its,
| apt op conput ear s‘% drz{l]g?g\or_ ug?de}%g%{ gl,géi‘eggf’th%g&ﬁ;&?&fgﬁ&é?@gﬁ,stl& algﬁ'_nubs,
swi t clies and rout er Fig. D i 4 gsnesalimad fnwalprtyiliustyating wpe stap insthe Spwelast A Kis-
workstatiopg. In the illustrated enbodi nent of Fig. 1:B, a conventional hub
2150 does not provide el ectrical power aver t he communi cation cabling and a
power supply and nafiggetfdrand 8B somsthenaroa senefalized dlowcart nstetingt pipfesed hub
2150 and i pahdifiRsnt 3f BeWREroaMidR laNd Aifd pmrgﬁbpwmdoﬁawQﬁrcﬁtarmrsng\wgr. and/ or
backup power to various LAN nodes via the cormunication cabling as well as
a power mah?aigement & control unit 2183.

Figs. 194, 19B, 19C and 19D are generalized flowcharts each jllustrating one

possible mechanism for full or no functionality operation in an involuntary power
management step in the flowchart of Fig. 16;

Figs. 204, 20B, 20C and 20D are generalized flowcharts each illustrating one
possible mechanism for full or reduced functionality operation in an involuntary power

management step in the flowchart of Fig. 16;
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The comuni cation cabling connects a LAN switch 2184 of conventiongl] huB 2003
2150 to a power supply interface 2186 in power supply and nanagenent o
subsystem 2 i 80 and connects the conbiner to the various LAN nodes. The
power supply interface 2186 provides electrical power fromthe power supply
2182 al ong the comunication cabling to at |east sone of the LAN nodes.

Bi di recti oonal data comruni cations front LAN switch 2184 pass through the
pover supply i nt erf agms 248031 9U8LAR LI Bl gL ol PR EL L EEAREEatirgbne
accordance mntaéa preferred enbodi nent o the present !nventlon,there IS
provi ded i "PPINEr TEUBRSY &R dnqfsn B EASh Sleg iRgdst epar@tiog Oinpewkelumam appveent &
control uni mandg@denniibeit (RDMUvicRiBoaMgl 1gontrol s the power supplied by
subsystem 21 80 to th@ vari ous LAN nodes via the conmunications cabling. The

power management & coitroft 229 £ad 23 aregenssrlized Soveharts eash dldustpting ope
managenent pussiie indthaaism 3 b i fELd B iodéloBertidnANa 96 Bl mg&sm{lt

wor kst ation, 219 :ﬂs o%%r%%i ve, pref?raabl yoger{dzar 1t ﬁe gora1trol ell(\)@ an oper at or,
to govern 8 &P 8 Kver managenent & control unit 2183. It is
appreci ated that a nEgaQeAEIsB, BAC kid 29D &8 oldedlli-BRHoWAURY Buck Rs@RRE 8Ld on of
units 2183 and may al so governh the

mul tiple power. managenen .control

oper a!to i onpc?\fé&rl%’llﬁ,ﬂe '%’Wu‘tﬂg 1% ﬁ’l""tf"é’algéé’ﬂ"?‘l‘@? QPR Bk MPIBBETY WETbI | ng
from t he humn@deb@nt steptiin che dlewktianfFigc odyput er 2162, facsimle nmachine 2| 66
and conputer 2170 caf[Ll h,, dat d backu oywer, while the

conmmuni cati on cabl i ?lsréésf ?%%tﬁtgﬁezﬂﬁﬂ‘adz’%goarf §°‘FW@Z‘%UQP“@%5&°}2@G$“§H@°‘FPAN
telbfaphon;a zpﬁzbl%amﬁaeismbibt lfhlldanh sedaced ﬁlp&i’oai?lizti\@ribﬂt}iﬁﬂ @B'Fﬁ&gﬁ't Qq,amﬁhd jycat | gnt
cabling fr . e Server carries only data and may, bu
neregrd not pgg@; r?%“o%gﬁ%ﬁ%sf@%t@%“’%} ngn%é typically LAN arrangement 7 -
constructed and operfig.i 8 isnaablock ddisgramwillutraaingr e eétaglec Ao e fata0f t he

present in i . | rat ed, enbodi nent .of Fi I, i B) each of the
PAN: nodes. Saghitiolthebijhid bh ot Istrey ot %%f%&? e ASam Uiy BRYE nal
connector for separ &igsl @6fr o @6 oarelat dlarkddiegremt Hiustpdting 0ae lexdniphéndadae

communi cat hmsalkibsad e I ctors agsociated with 60 .11
A~~C ~' ~~~ res ectfi vesyﬁ?gglegg‘%%gégh? "k%%%cgapgée Al éﬁa?rgﬁenb)}“vreg%"é’e(‘f’gfrﬁ'g

ref erence MEWH§ﬂ§V1%59§eLVC plegdcal Exdotetwark kormedtiviéy beer theassme cabtarruni cat i on
cabling input and sepasdie ¢ %pﬁ] . oyt o ] L 1S a ci at ed that
sonme or all of the n%ges s216%B<-adl. 1 ?%\Qﬁrr%?gglégg'%%%t? %/oe b;'/"ef)g%?% i‘ded wit h
i nt er nal cﬂm@mwraﬁathewaqaeg@mmmmm infraftructhes; muldes 21 62 - 2170 may be
provided with exter pgl 2€R0VRck Wagrand HlubifuiAPR pEGe b b plidd und ledeln@n 1O
the LAN noges_descri%ed her ei nabagl\?e, . Fhengﬁeég‘% [ n%@%@%ﬁh?%&g@éﬁ? W th
any ot her SeAabpowen iwashedgtarcommunicaions jnfinpituctureni r el ess LAN access points,
energency lighting system el enents, pagi ng | oudspeakers, CCTV caneras,

al arm sensors, door_entry sensors, access control units, |aptop conputers,

network el enents, sHER BSCRIDTIQN QEPREFERREMBYBODRYENESr s and nenory
bagkup units for PQRefarabeVornest abdORS FigRahe RGeS 5 sﬂﬁ%ﬁ@@%?ockodi@r 12A,
| ock diagramillustration of a hub, such as hub

which is a,sinplifjed

201 0, useflu'l’suigﬁo"t & lorAh 3161 RetPrkofonstiusted ppdronarasive @t accprdencervibil & prefed i ses a
convent i oradbodie@ANGH Mk Prdsint ANBEGDIAB, sebePM Bl § A chefd! EMpraviadd™ N 164 heh 2034

(Fig. 10A)d ; whi gg‘}}bunct 1.Qns ?‘é’ a data communj cation switch/repeater and is
coupl ed t GBS rCORRYSFS ¢ pr 10, Hieh 5 GQuplegn by pablipg | L cseferaly gIstrdured 0 and

filters 222bling sgdamyo i plufaliy.of BANGHMe, QUcHEs Pddskiof Lok 178f waP3hefd149. 10A) .
The coupl & p 8 rmefl I ﬁ,er nllit_l?lgOC‘Y? i s connected to _a plur ality of smart power
al T ocat i ort ARHeBs F‘Fdéac' Gi¢rbopespiso Kagwmas an TP pejephonpSaR’ compyter 20
connect ed ahda poveer2.suppl y 2032 (Fig. 10) far receiving electrical power
therefrom It is a ci ajed that power supply_ 2032 nmay be physically
| ocated external | yp(%’i’ﬁ‘f%ﬁ ﬂﬁ!ﬁ’r%itﬁ; C%‘(ﬁ@?m@ﬁﬁﬁl]‘{/ coling BayipsL®upPBs @Bd wit h
a power f awiswied eofpaciings dabled togbtlier untleila @ninPakbe 1Y/ the @RABSS ik AbS FROWA!
preferably includes EAR

managenment _ &.Gonir o nit.2038 ((Fig. 10A), [ | ude

control | erasswgﬁb@[éc%*ﬁ:heéﬁ‘@e'g?”e?@?aég‘?v °25%‘? ey ffwisted coppsy wirss s employgd

m croprocessor 2164, a nenory 2166 and communi cation circuitry 2168, which
typically includes a nodem The power 4fanagenent & control subsystem 2038
is preferably operative to control the operation of all of the couplers,
filters and SPEARS in conbiner 2036 as well as to control the operation of
t he power supply 2032. Power managenent & control subsystem 2038 preferably
comuni cates wi th managenent work station 2040 (Fig. 10A) in order to
enabl e operator control and nonitoring of the power allocated to the

vari ous LAN nodes in various operational nodes of the system Reference is
now made to Fig. 12B) which is a sinplified block diagramillustration of a
hub, such as hub 2060, useful in the enbodi nent of Fig. 10B. Hub 2060 61

~ ~ Y o o - - o




The filter unit 2087 is connected to a plurality of smart power al ﬂopq\qjgoqpm
and reporting circuits (SPEARs) 2274. Each SPEAR 2274 is connected to powe
supply 2082 (Fig. 10B) for receiving electrical power therefrom It is
appreci ated that power supply 2082 may be physically | ocated externally of
t he huh 2060. Power supply Z082 may be provided with a power failure backup
facility, such as a battery connection. Power managenent & control unit

2088 (Fi 9. i OBhsmilt ARk sld Wt H8 500 ntaol oS, 2226 whi ch are
preferably c_onnsenclzlt e“a V|fa a abus 527§Sptooegéﬁoggso%itg%%es‘g%?‘ 'Zgyfé%waworr%lﬁéry 2282

and comunPEEFOHIRIPYE dertirapsminpg bowispiaing ylpitted! bywdr nlohg e liae rovdening The
power Nanagenrteady m@,tmieloﬁy &Y $hie 2088 &gﬁ%@‘é‘g@g@g}é{r% fhidfalt8 ol 2

control the operation of all of the filters n power supply
interface %éega"dei?’mefth%§atta6°wfr-pl the operation of the power supply
2082. Power nanagemgnhecdrde@Bividla pHfefre OBELdRNES SF BRI YesERTHIERGAES W t h
managenent wor.k, station 09% {Fi % 10B) in order to enable operator control
and noni t oPHYebt PIHRE sb‘t?ike SASIeBRENC 1§ opeiEiivg e provide BIARESh BRMEOPEIRLINGT | OuS
oper at i onabr bakes powert ReatS)kast e BETsRIICAGRIItYS of QMeSTRAE tHeOnlH ¥o addAhe WHi Ch
is a sinpl éJH eud.b{.ock gxi@fa%r am,i | hus‘_&}r ation of _a hub and a power supply and
managenent “SBHEHAH5 prectipg thebub o vaiionphdNGpdesi g, 11A. Hub 2100 (Fig.
11A) preferably conprthe @Risteat@DemRkIeANSH Fig CIOTERb:Git@h BY i@)akibAR gy theAN
switch Zl%bvmia%m. ffchti ons as a3ga§1ahco ni cation swtch/repeater and is
coupl ed t o' ConBlhEFNITIPORET TR, > Rhich SpPaNER RReralipgpAwer sudienbeciaimpowen .

Combi ner 20 3@ridus EAdUREesavicthe pbamuridationtabig. Tht tonBrhmicawbti &BIikd WohsdR .coupl ers

320 and fal . s. shown iLn Fiqg. .4A e coupler and filter unit 2137
i s connec ?‘e‘%ﬁ % ‘gmg‘z%‘l Vﬁar ) ".“t%)‘/“e{)?g%%%e&”‘%‘b%& ﬁ?cfe&lcﬁg‘f‘ CYRPIAS GOPRISS SHectricy)
circuits (rOPEnRSn tRPaiver Bapply SPEAEY (8 24mmmnicaivnaabling th At RAWEEME bPEley 21 32

{Fig. | | ANt r ecel Vi i cal .oower t efr.o It is, appreciated
t hat power %p"g?“ %I?(%lf&h)l@% gile&%%@%’i"géu 'f/él\?rgrga?'g‘g se"‘fﬁcg]r%af’m tBIPE@‘n “pover
suppl y andomaiReg stangially withawinrB@ncePower supply 2132 nmay be provi ded
with a power fail urg;hagk Cded : . tie ction. Power
managenent & contro lsﬁr‘nt %1%% ( |%y&tiﬁ%m"%féﬁgglgﬁf‘%/ﬂ‘l}ﬁngq){t}gtggdﬁ °r _ -
~~mmr ~~ COmMPEEALR, daspimile miashige 28801 edmmiter 20 ecapiee beth atatayanddnnleptmesveni a a bus
2367 t0 a while HRROAGRERA, I cat, jreuitry
2368, which typically iﬁgﬁﬁ'ﬁégﬁ%m%%@fﬁ 1@?%@&3#%&8@# Qephons o1 Uni
? 133 is pfEMErsintl disprndapprating powetoand ths commuinisptionaiabling fodm gelhubto thee

coupl ers, sérdri2r @arl G b A la Ny QP i1 NE§ t he
operation of ihe owern§spuppln 32_31%2!WPom?g%%ggggn%ﬁ%hg@(g%?%ﬁmgﬁgéystem
2133 pr ef AFRHIce Y s fermdesivaimpnt ofha gesseshinvemiior st ation 2140 (Fig. 11 A)
in order to enabl e Kapgpaticular GARkE SrhcathoBRBhL g A Har bR IRRURS peld-0Cal ed
to the various. nodes (n various operational nodes of the system

AN d
Ref er ence MeSARENPHilE samedwisted CoBPSEPAINhi ch is a sinplified bl ock di agram
illustration of a Mibapprediated pavEEh SLBPLANABEEs TRDAGRARR tecSiVESIOMERerSEf Ul TN
t he enbpdihrgecrg;tnmof. Fi 8: 1B. b 2150 (Fi.g, 11B) preferably conprises a
convent i onal* CofHH &g "}fy&eﬂ LIFPHAOL KN SeRAratia the elagiricglpaver figmcthe ons as a
dat a conmini.dattheoiliustrateddnibolilmempPEati©r1 A npe geﬁaﬁwﬁ@@yﬁ&”ggwsal%p@gy I
. Power su

interface_2186 formn art of power supp]y subsystem 21 > pply

i nter f ace™ 88" ’hogﬁjﬁ'gsg‘é Py Fetp@%e'éf rf{ef'gﬁﬁgdl’ &70o60e eprecitadudatsaliemativgly 372 as
shown i n #isgete sdparaibhsamdyitetemploygti t 2 Z 87 is connected to a plurality of
smart power all ocation and reporting.cirguits, (SPEARS) _2374. Each SPEAR
2374 is connected 88%5%'15 'éoupﬂ’laéf %15’2‘ (¢Bi ghichyig)2 f‘&p?‘ﬁ‘iéggl%'f S ®ct ri cal
power t hetlgftragon of htlodak arap peteoikatorsinicted tan) p&rariveUip RlcYordah82 withyandther

physi cal | rnally of. th ower supply_and nmanagement subsystem -
D50, povkieBERkREbSIREEAR bbel kbl e iRy Y e P EoE A 0
facility,arsuotiwark @AY tcomprysingdm haic 50 ovhichPe wetpled bagabitit 6% mrefiabigl a uni t

2183 (Fi r ab i,nctud PEAR controll.ers 2376 ich are
pr ef egabl%m %%%g%bﬁggg %feg‘g’y d%ra]%?'gf?]g"gdersﬂs(‘ff’ Brasteeiian fompyess 02,2 Welhor y 2382

and comruni cation circuitry 2384, which typically includes a nodenThe power
managenent & control unit 2183 is preéflerably operative to control the
operation of all of the filters and SPEARs in power supply interface 2| 86
as well as to control the operation of the power supply 2 i 82. Power
managenment & control unit 2183 preferably conmuni cates with managenent work
station 2190 (Fig. 11B) in order to enable operator control and nonitoring
of the power allocated to the various LAN nodes in various operational
modes of the system Reference is now nmade to Figs. 14A & 14B) which are
sinplified block diagrans of two different node configurations useful in

t he enbodi nents of Figs. 10A, 10B, 63

—




1 ~~~~2..0031 Aand | IB. The circuitry seen in Fig. !'4A |nclqdf 2003
circuitry which is preferably enbodied in a node, parts of which ci Jﬂr & :
may alternatively be enbodied in a separator or connector associated with
t hat node. The node, whatever its nature, for exanple any of nodes 2012 -
2020 in Fig. 10A, 2062 - 2070 in Fig. 1 OB, 2112 - 2120 in Fig. | I A or
2162 - 2170 in Fig. 1 1B, typically includes circuitry which is required
for both f Ul:almet‘zym;ta' Q@hid )ﬁaémg ééeqli%dteieﬂﬁ%gl Q8L 298 TRl Pﬂ:’ne %ﬁ g
termed "essential circuitry” and desi gnated by rererence nume 0 and
circuitry vWﬂWﬂ?Wrgoﬁ%%aﬁﬁﬁﬁﬂ?ed for reduced functionality operation, here
ternmed "non-essenti alCaglidgChi td Yrefeddily @&%&msleﬁmycam{] o hEHEE fMH TR Qlor 240Z.

For exanple, ,if the naode co rises an | P tel ephone e essential circuitry
2400 i ncl ud®EstecheapPe; wigesiceiisd waetbr uAder 4 commpn 1ask%pteéne ebgdimmentrof Figed Bt he

tel ephone) which@ad e 1RO Br@BeAEH: | Rbcribbd GbvE Witk AQRecPIOKzdeR ARC! WAl ¥e
functi ons, %scrr@ﬁﬁﬁh as automatic redial, tel ephone directory and
n

speaker pho FIERBEIOW At lepfreong pf the ippiFs,of swistgd spRPerioss iwmiieyer onlyyfpr cal |y

part of therdagdRtiigSeléctritaCivre tdnbde£dRASNGRoR UAR ktikasPoHR%br 1L JARE oCiwidiet LT Y,
whi ch may or may .not be in orxlégratedﬂ%mm@n the node wll now be descri bed.

A power supPPRFT DUs8 Is Sipipyed on frang atgq AyRigally twoy gych pairsgerempioyed 7)
recei ves elfoctuistalinp@urony ndomBit 6t 29 iy TOMLApSRRAQLRE, Such
as separator._ 50 sho |n i r fr connectof, such as connect or
558 shown iFS™E 4° f@u‘ﬁ;ﬁ? §f"° - suppl i es el ectrical power

separately to t he eshe:&baraincewﬁtﬁw ﬁré@n%ﬁﬁbo&iftdmﬁ/bﬁthap&wnt GRentibh Ghdr®ist he
non- essent i aclw&drcw tr 2402 h.2410 %eﬂ%lﬁal SO TI. cel ve and control the

Swi
transfer of eFectrhodsl ‘BB‘XBSPBS?'?%%%Q YRS © £ P pZﬁ‘l‘ higaxPome PGSt ed to
mai'ns poweror tBoupchov4 |t 2t demi \mﬁe af caidtpharhlity ruiuﬁodésr Oil) e 1RBtG0OhMdEhe2414

which is t ntlon ont.r ol rOV|d|ng a binary
out put . )étmpgl%mym f_aijgece nﬁt g‘n??o‘fa"f"ﬁd‘(fﬁ& P‘?S‘?‘n a sensor 24l 6.
Preferably controll dn t@ﬂillﬂstaaltedcnmbedmemed‘lﬁg AB) ubaystann U is 16¢acedh wichive thesuppl y

For exanpl aub SR HENIRE ol SHY 2 Hnick <Thg T RElan  noBe BB Beck BBl | e
to power s@ﬂﬂﬂn}b@w nommatthocm’lmlyu@nmactabmahq sogimppicationrralfingenseca acont r ol
si gnal-~tTa r :
communi cat Fl %?? %’Jv%‘.%qlsf}l o a%og"er %@i}lgé@eafa%ﬁg%gﬂg%r‘é% oagﬁcon#r‘a% e owg‘gﬁlgglyw a the
combi ner ZU%fa(‘F?@dlstI’@%% @ipctrﬁqabm\mr fiolmethe power sppiy82i aiongwmm oEthe of

Fig. 11A &tﬁﬁﬁlﬂ@&tbﬂ@éﬂ(&? 6t WHRN a Gisel Ui da?!h%"'?tl leds Q)Q'%rgfttﬁe afgher et o,
such as a signal transmtted via the communi tation cabli ng tromthe power
managenent nedes.oRidiretiopadi ctatazgrsxsnwwlonsefrm LAN switch 84 pass througlg thgopaversuppl y
interface a%@,aéﬁgcessos@istmmﬁmmom MletBkndel rCUi tTy In the embodi ment of
Fig. 11B. The sensor may receive inputs fromeither or both the power
and data outputs of ’s'éﬁéﬁ“df‘%ﬁr‘h%%‘“(@ic@m“m}ﬂ“tﬁr5lcf§¢m&et1!3&1’ 6939 tiiqfagktopB) . ‘The
' nput t hat cdrﬁpuiéi‘(-‘dil ¥RAmiE AichiRe 661ahe c&hBul?é:'tmOJan&?m%a&aPar anﬁoﬁcﬂf Wb‘?em or

558 may be t ed froman input to the essential circuitry g

i ncl ude coﬂP? PG IWisted Paigd MAE the semmuticatin gablipg,$1 fﬁ?"éf@r*&bl@ tmﬁvhy

derived fr gifen 69 uhd WAMN teldponecses iHiksabotlE dhig Ul og gCﬂSbvwE QY¥dng &3pAatdecoded
control si nal TheB%#lnctl onality of controller 2414 be summari zed as

fol | ows: ﬁe‘{ Brs @ FGP'P@P“‘%’?E c3bdipg Pl Eem shedwh6p & thF ﬁﬁ!ﬂf TR camiehH o r
supply 24l éfata, nidi £ ajgicady LAY JMhgdmeRO ¥@ktnicledaMAl bthhife ih tacQP&ad §FthSWi t ch

2410 such t lied to hoth essential circuitry 2400 and

non- essent?ﬁfngf'\éﬁﬂdfr?if“ﬁ&ggpre%‘éﬁvﬁ?%s power is not available via power
supply 2412, but semsos p&ﬂ&@arlf&djrsatt%erhﬂib%lmeﬂ%mglI@ﬁuamvx&‘{ndlpéw&V@H abl e
via the COHTTUI&I cations Jd‘&?%’@ég‘;gﬁ{’%hl er 2414 op erat es switch 2410 such

that power & s"ﬂfﬁfﬁafaé?it“t‘%e FO‘E‘F‘\"E%ﬁ"P'I‘ﬁa bbugireand non- essenti al

circuitry 2402. Whem,is Jp@wem& mamcm §f tROMEN nbdes BOL T@WRICh AoéiGes\HovePOWR T
suppl y 241]21Eand sensoraaé?z' tes t hat suffcient power is not

avai | abl e, "¢ EHPPYTFEPD stac‘l‘?m}e&?"@ fr sernepting the prasepalrs SARERS | s
supplied wth highest prlorlty to the essential circuitry 2400. If
addi ti onal power beyond that required 4y essential circuitry 2400 is al so
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 determned solely .or at all by the power avail able, but
rather solely by control signals sensed by sensor 241b, wholly or partially
i ndependently of the avail abl e power. Reference is now nade to Fig. 14B.
The circuitry seen in Fig. 14B includes i, . circuitry which is preferably
enbodied in a node, parts of which circuitry nmay alternatively be enbodied
|n a separator or connector a5500|ated W th that node A power supply 2436,
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Switch 2438 receives a control input froma controller 2444 “h'Chl'f;AJr 2003
typically a conventional mcrocontroller providing a binary output. v
Control |l er 2444 receives a control 6S 1 1 ,~~~~ ~~~ 3 input froma sensor
2446 as well as a control input fromnonitoring circuitry 2448. Mnitoring
circuitry 2448, which is continually powered by power supply 2436 or power
supply 2442, senses a need of the LAN node to shin to full-functionality

from s| eepefgm&; bAREd AR s éplggxc; SP0Ey BhReRSfl nfi0hs SXSWRIFpe DY
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vol t age | eﬂP@TeC’éYedt“}?éal@Ff@E’(eﬂﬁ %ﬂreti)m?ctqsémﬁsgb YPéd to power supply 2446.
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operation .Cchrc tr roII r 24440 t 38 to
cause operlg{)l or11°°8 f hﬂgjﬂ f"écrhéa%ce PSR WP pnlélggf i g"n’pﬁ The
ci rcui try opereting pwk‘ar gxd/dr!_’oactknp: bomlarso @arfons LANynodks wahthe&opneﬁreatwm O}beodi ed
in a node, S, . ' j i Vargl i in a
separ at or 195 coPmyhigofed g tohioks THARhEA T of oo AT BRo'", C
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- 2120 in k 130Gl aR
circuitry 5;1 ? é&?bg&er%f%ggr%wgfgslglgaﬁ& %P?erfﬁor%?}e ‘?p nd r edt%e
functi onalcpwué‘pﬁloat ing htor @t t leashespmee PEethe &Mmé@ﬁ t Bigiretiogaldc8tagnat ed
by 1 ef er engaminERIoa £oRIAN @h G54 fidl irdhhiieClmbieBls, EudStititiaB Wibur educed
functionality operation, here ternmed "non-essential circuitry” and
desi gnat edntierense.er ence nunmeral 2S02. For exanple, if the node conprises an

| P tel ephone, the gs$efY 1@l 1sc;5rét§xldb§/r66n3é99na! 'lwmn%hﬁhng%&ubilfs)/ofenam ing
a user to speak and hear_ over hone, whi |

Ci 1 cui t ry tWiSi§d copnsy ViaesCablad fopethsr yindey ﬁé’f”i“B‘ﬁ% jacketdR %eng@ﬁ@{}&f 3‘?

t el ephone gghvilase! dbcribad kramRRKE it he bIThe fpmmﬂw&w c&Per wites Ts em,uoyed~~~~ The
Ci rcwtry 2500 and 2502 which is typically part of the node |s I ndi cat ed by

r ef er ence RTUmBIMtng doth daty 30d elegtrical poppr to pdisof ‘}F’ra%?“b‘?’k meXpiGallY Ty such
i ncor por apgiek ank érblbmyeafr& trhashitink Ibbthm@ﬁﬂ/ab@eléﬁﬁﬁf pdves aloﬁg pRWAIhe SotmREtng2506,

such as p wer su 56 recei yes Iec rical
power Vi a ?‘E’a&%eﬁ ng %ﬁg‘ rﬁ°3° "é"blg ‘?8’#“% Paif SRS aé%B gl’a 508
ShOWIn in Fdlx@thpZﬁlsQiliauﬁtﬁiﬂémh@ﬁaréﬁa c?xh%xthé}d&agor;%&er The pOWEr supply 2|506
supplies electrica povver epagrately via a the essentia
circuitry 2500 and il sgn s@x‘f‘t@’ﬁ "}d/"“lcﬁt‘?“héaﬁ’\r{\fn% l&%s AR g‘f’ %‘?“r’éuf‘fpw 2502:
Swi t ches &ﬁO&sﬁﬁdlﬂ)Sﬁ&hmskaipsambe@enw fadtiniROmidhiie Ili&ean‘dramaiuesr b

el ectrical rom wer su which i ted

bower | SnFrBRAAREAY TaOOR P e it i R e PP S Bl
control I e sub2fydmwWidoctd the Hup pdamedal M4aaudom1§rtbilemmaé ns cnamemrlioﬂoldamaraqdr ovi di ng
a binary out Controller 2514.rec cqntr i pput fr nsor
3516, Pt PRI poRSh TNt st SRinecRut yeduh 180 i PBenin  Bri8 b one:
supply 2512. Sensor 2516 nmay be inplenented in a nunber of pOSSIb|e ways.

It may, for exanple, sense the voltag#3level of the electrical power being
supplied to power supply 2506. Additionally or alternatively, it may sense
a control signal transmtted thereto, such as a signal transmtted via the
comuni cation cabling fromthe power managenent & control unit 2038 via the
conbi ner 2036 (Fig. 10A) or fromsimlar circuitry in the enbodi nent of

Fig. I A Aternatively, it may sense a control signal transmtted
thereto, such as a signal transmtted via the comruni cation cabling from

t he power nmanagenment & control unit 2088 via the power supply interface
208b (Fig. 10B) or fromsimlar circuitry in the enbodi ment of Fig. 11B.




The sensor 2516 may receive inputs fromeither or both the power alnﬁi”g@éa,‘
out puts of separator 508 (Fig. 7A) or connector S58 (Fig. 7B). Th 2003
that it receives fromthe data output of separator 508 or from connector

558 may be tapped froman input to the essential circuitry which may

i nclude control signal decoding functionality, but preferably may be

derived froman output of the essential circuitry which provides a decoded
control si gn@Hy daupsidiraayi by neddrrou pass ylr&l’gn@;bsybtuncmolﬁ]aq%]&duplmlﬁ Mmgga/}@ernfed by
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of switch 2 he controller 251 not be determ ne or at
all by the go%é?’x‘é‘%/“é“"i‘ &msﬂﬁ* With a“r”af’t“??é?“‘@éf*é?‘}ﬁs BYchcasnior e’far@iegwatlsssdeﬁs ed by
sensor 25163cces gloinys, @merpanidyi liphtig systtepaadans, \piging I&Jagpem |Ehe cRQuer - In

the absence, on to the contr fromthe nonitoring circuitry
2540 or f romg—fg’e%gséJ i p%g?r@n RESESF Bt F‘E’Fm@‘ﬂéf JERIP SORUEHS. I5tymrk slempnts

circuitry 2860 adwbs,notitcbgesnit eouted) amonitos UindambBordyNPatkuy SnikE &G PE a8d t her
fromthe ”Dﬂbrtkﬁédoﬂg circuitry 2540 or from sensor 2516, indicating a need
for operation of circuitry 2S00, the controller 2514 operates switch 2508
to cause operation ofn te nlhutratecyexﬁwﬂnent iof &igc 0BJaRBAVeNdidnal RutPI R 8dds afdt

nbodi nent f 2406 th

erbod mont i BedGP R oI L doRBynls B 13V BRLY el cemintubarsiam o 141
and the powdf ig dfmgr-ep xEoally roftlhb Btbadi inddudes af pdwag. supBly "By WKick Qngtiedict ed
 nesn” paner PEGH 5D LRuRSHAY LG9 IR e 1 o et GRTEEED Ly

t hese power SUﬁ}e I es provi
poyer fai | RAynusicon @biirlgmh@%larlgmfrswmhcﬂ4 oFrveyvenighab st 1 8nRkd e
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pover may be transmitted over lon ca s now
made to Fi gUeifase 1iRite the; ‘@ﬂausgfeﬁkirlmﬂ%zé"ue powschpely intbrifass tdisaftung dheizal

TRnagenent ponelirh WA s APS1R% g ARLo FUHERT PRIl A 550hgh R S VO ke

of Figs. |ml IAan seen I n
& control %gésB(defgwnql daja, coppgmicatiting frdnoB)AN 2WBGh (84 gass lthioAph aie 2138
(Fig. 1 |BpogeesghpintiBceeSI8BRLYstskialRMBloulifkerference.
Cabling 151 is preferably conventional LAN cabling having four pairs of
twisted copper wires cabled together under a common jacket. In the embodiment of Fig. 2B,

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

described hereinbelow, at least one of the pairs of twisted copper wires is employed only for
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11~~~~~~-~to at |east some LAN nodes via the comunicationd tatl§ 7903
preferably in accordance with a predeterm ned functionality which is

descri bed hereinbetow with reference to Fig. 17. The power managenent &
control unit 2038 (Fig. 10A)) 2088 (Fig. 10B), 2133 (Fig. I I A or 2138
(Fig. 11B) nonitors and manages the power consunption of those LAN nodes.

It senses overcurrent situations and effects power cutoffs as appropriate.
The power nRRGgeRRiccHicasiqRiveOb noddstof 2R3ABtvidrk gnd 4t O}t on2 08 the (pRIrgoef t¥Bidf, 2] 33

(Fig. I 1A _or 2138.(Fig. 11 operate in either 1. OV.0, power
managenent ‘fode “or° & e&‘é’?"dﬁ%&ﬁ% foﬁ%&?ﬁﬁﬁl a%%‘he’??t‘cah%d‘éoz ?ulr%%? grgsl %ré;%ﬁse%ﬁode ~of
operati on ifs selsegtimddas oblyeantlitwe st¢hapaitshae kldoysl odnfarqupelding islegiaoadr | it

i s possible I ian e thereafter. In an involuntary
power mana 8%‘%%‘%5%%%%%&5%21’?%2’%‘? ?Dl}(e?c?#%g'pomer managenent & control unit
senses a situation df isiseeuhdtitie commupivelin cabimgl 14b fibitthe Hubrl SPsuibe desktop
transni ssi Q0 OUEr 16 RcRMTHAGRYSOD% SABLILP B0 BrrledBorh Al BALIGRI dowsiipp! | es

nt of'p S LAN no

a reduced ano ower to at [east me of the es and may al so
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node of. opgﬁﬁhﬁgﬁ O%e%ﬁ%ggi%%gm ao\‘}}agiplgxg*bti I ie?y l|ys amandat?a% by managenent at -
certain ti tethestrverclfdeadienonly date pnd saphbus geedinghpass Hyenehsehertion 130,42 dr der to
save ener gy ?&ﬁ%%m%ﬂﬂgen%ﬂm&ksmd Qhd Bp¥ativNindhitoRIRINE! wiRNAGRRERRE NMDde
of operati on ranagenent  det erm nes whi ch nodes receive what |evel of power
at what ti g@Ebodimprt of the grasesning¢MaRi ¢, not condition responsi ve enbodi ment

and is not dealt W tifygiathafiRliaH fhankeB of I8 eHBSEMERIoF Pig. YW kHENA4tHhddPasver drd
anot her enbodi nent of a voluntary power managenent nobde of operation, the

mahagement CHEEEPHicREate Svisted eqprgPaig cfiepchfcwnyBiiEionstblne i en time and the
functionality of ' intieilit@ee ahbodivenitdf ¥ip. RBE&kE of e Irenagesas? ~mandat ed

power |evel as the avail abl e, powey. The qperation of the present inyention
may be si P PRIER reciverBgpver WWVfﬁR?@Wﬁ{ww’g}efbﬁmweﬂ%fr@@%%ﬁf?P%&@\%e‘fa‘,“ e |
t hr eshol ds cRéiflcdl goReNEeE th@YothidictioReiing TR dxfertud \ormecter h@odrtgl with, whi ch

illustrates a preferred nethodol o or supply of electri o at
| east someT™dP ‘H‘v‘e“‘i_‘{ﬁ\?\ll b air%&élég%?‘{j@hﬁgép"\ﬁﬁ?‘feﬁe@ﬁgcep?“ 85%?1%#533%*’8{%.
Fol | owi ng kuthicbmleoahds@rtommubivdlior Gdling Fipyt aniGAparat® @O ardFiogrer G@Its. &ris power

supply and_nanagenent subs em 21 30 (Fi.g. A, .2180. (Fi.qg. L

conmuni cat F%%c’ag%cgﬁahﬁo%eo%ét?ﬁ?ﬁ ¥ es'ngécfe's)l710t1'61)‘1¥/\,i§|l | %rﬁ&lv%lyibg ?rﬁgéﬁidggﬁt 0
transmt pinenal corerectbis@nd tarsame oedll afilse moeks 16R g 170 may bt mrovidegawithjextagml  ~~
1~~~~ Initical Ieé\ si on of hub 2010 (Fig. 10A), 2060 (Fig. 10H) or subsystem
2130 (Fig. ‘4T ?rt 21 80 (Fig. 1 | B) preferably includes automatically
actuat ed test proceduis apprediateiithas irsaddaioprto theL Adpradas ieseribst hetsinabgventbtit s of

t he hub 20 i : i vt i ), 2180
(P g 116 Prsabenibf SOl s cher S Rbac RS, AP, bibss ) 2500
(Fi,g. 10B) accRss4irts;i egnerdendy Ughting sy3te@0 elemenys, paging)loudspepesss \ gam@eser ni ne

desired op Lo t f and
setting up%ﬁﬂ%nter’n‘%?’r%‘ﬁé%@%&%ﬁ%?ﬁ%ﬁﬁgﬁ%&%ﬁﬁﬂf {e%{%l? jétgﬁgfaerg@gﬁﬁeters
for each nedd.asDhwtisngwitdiesrand opersit hoitops andhmempst bzwizun gits, £p1 Bys and

oper at i onal, Rarakkt ers for each node may be nodified by an operator

enpl oyi ng the managenent work station 2040 (Fig. 10A), 2090 (Fig. f1OB),
2140 (Fig, | |A), 2Rafereurs ig.now magy to Tige3Anveieh @gla&'w}rﬁefi@‘tféé{“ﬂ%a a

her ei nbel ow,g, Rud 82k 1008kAl n W LidGhel RPER. 18, BP0 phifatdy dodiBes 4 the
node being Interrogated Is determ ned to have power-over-LAN type

| S I C . yp
char act er | seuvesiogsld qommerciallyi avaeble, n LARL switeherfa Which functions 2873 A¥de to

which it i gorhRbRaRien shRcliepdifiahd ROWBLPIY & chilfindtOSBTL b dr 0TS tfé)&ﬁllj} ng) the
SPEAR paraneters are set based on the contents of the ipternal data base

and power Femarisan pisrliyef cerplere22Qosmsh of whichés coppastedividat BN L2 DR FRY Where
appr opr i at Gower4diib@band irgiafinh BEuHRSSBARS2@! Back SPEAR 224 RRokRERA & pede and
the status of the Iine connected to the node is reported to the managenent
wor k station 2040. The foregoing procedure is then repeated sequentially
for each line of the hub 2110 or subsy%%em 2130, to which it is intended to
transmt power over the conmunications cabling. Reference is now nade to
Figs. 18A and 18B, which together are a flowchart




illustrating a preferred enbodi mrent of the interrogation and init'@jl Qwer
supply functionality which appears in Fig. 17. As seen in Figs. 1 él.)llsﬁﬁm
initially the voltage is nmeasured 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 transmt power over the conmunications cabling. If
the absol ute value of the voltage is higher than a predeterm ned

pr ogr ammablgndihgse VR . ' ' | fied as, having a, val tage
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> ) <12, c. ,

CRCUT Méﬁh%u%g"wn%"ﬁ%‘"&Bé&erHEly\ﬁ&E@@@e‘F gptbeppvidebRr ALL T1, T2:

T3 'NI C LOAD WHEN VoWt Eftral ivhaddhnd ki ABSOLWHE WAL, ?ﬁic&@r dabddledh @3 POL

LOAD VWHEN I}{ ﬁ&&k@é&ﬁ!}lgr%&ut '§>V§l‘eAND Vout, T3>VS AND THE ABSCLUTE VALUE OF

|OTl > S OR | BT Gpo o8 ofpbe pojeer Apsty {77 the AN Vit 3A.0T3> 5.
the couplers 220, the filters 222 and the SPEARSs 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 operaﬁon 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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where A NO LOAD condition is one in which a node is not connected 19 A@@ 2003
line. . .. , A SHORT CIRCU T condition is one in which a short cir'cuitv" &%
exi sts across positive and negative conductors of the |line upstream-of the
node or in the node. A NIC LOAD condition is one in which a Network
Interface Card line transformer is connected across the line at the node. A
POL LOAD condition is one in which a Power Over LAN separator is connected
across the line alt .the node. VOis the voltage at the output of the power
supply di s&"r"‘i%ﬁ‘h"BP’“?‘?f?ac‘E'he line. VI is a predeterm ned progranmabl e val ue
which is arrived atRéfyreiRashdw mgdd b EFightghesith paaknplifikdigoad divgrhh agBubVout f or

a period of .a few m nutes en _po is.not transm.tted.al o e line; V2
is a prede]tograﬂ‘g & OB oY PRMT V%g’giﬁf‘ém@\%e ik fhg eﬁ‘?‘%@% ogﬁlgbgg'n@gbsbdroi ng the
71 1 1 Aprtferably ~cohprieasest conedntienahf conohdreigity Meailabie0LAN pweitdhod34ofwhachf ew

m nut es n.power s not transmt. |.ong .t.h ' nd.. .gad is
connect ed B RBeR & VORI Sate i rRueoa sl o P IR dafil

di st ri but qurtf o pdvee suppie;subi3steis EBOpCenikiner i3 h apiglp goaprivabkeplvalityeofwhi ch is
arrived at b uri,ng.t he hi gh 2ak f | : a period
of a few ‘ﬁ%ifrgg R gfo“v(gf h ilss‘%r?o%getdrglgan% rfr-1lYt tg% tgl ao%gmﬁ ‘2"3’3‘* f i\ﬁr?\éega%%{d)gn\f\ihen_ a

r esi.st anc @efosting@irasc{SEEABS 82k EachiSREAR Rrids covnested4e pavee supplypid (B ¥4 d power
supply di i . . L he: B ' i nagmpble val ue
whioh’is Gl yefe%tﬁ’f%f&éx’e%?%ff“%égia?‘Pﬁf‘éﬁ?‘ﬁéﬁﬁf'gﬂs‘f’esfg AR

vol t age Vahysiqally lasated extergalbf of:th¢ pawenisupplyesubsyster 138vRawer supplyt 132 meayshsi t t ed

al ong the jhiviga sl 24068 BuEBIRAPRARY] SopARLSSodighiRen - Vout and -Vout
S y di ut or

at the output of said power supp stri r for theline; VSis a
predet er mi ned  pr ogrizasivemipler 52 s tvawrrierPre op hisk Hipseferahly parpggted Wrégffol d
value i., ooff A Qwidn YU G0 deNQER POWES & UREkMbI; USHRREE Svif R8MmfuhRRionVOUL TI
is Vout neasured at a first tinme Tl; VoutT2 is” Vout neasured at a second
time T2; VehlngdopdAbbrpdeeasured at a third time T3; 10is the current

flowing at the out ptdyplfs SIE aROWRIerablyPBeYatite Sth! dolpte OdleckriRhl pbwwerl tonttie | L, | is
t he predeterm ned, programrmabl e val ue of the outpu f the power, supply

di st ri but GPMPHpicatia ?agh'éﬁ, spbstantially withoyb ! W#FW@d%ﬁi‘og'Fa%ﬁgwaFﬂé’%Mi chis
arrived akhepaloggasuring the maxi mum peak val ue of the current 10 for a
period of a few m nutes_when r is not transmtted.along the |ine and _
when no load is coﬂ:ﬁéﬁéﬁw u¢ pF"?Fé\AaEDSU?pﬁf?PV%P %vﬂ@ W&’%@% Rt or for
t he |ine; cbipling commbalg &hevmisTemsalioghd iy biduk aolsafrom thetpostr supplni 32 fred at- by
measuri ng thﬁ: Cx mni rmm.valg)ii of the current 10 for a period of a few

m nut es WAEHTPHE FOTRUHEROR FaBREE  t ed al ong the Iine and when a resistance
i s connected betweel cenviallinamigiesient \dad cortro! Elbayspent Pod, tgficaiipiethbpdieérin suppl y
distributar. for t

mlcrocontro!pe% Jréfgrgt-bly controls the operation of the power supply 132, the couplers 320,
the filters 322 and the SPEARs 324.
{ Reference is now made to Fig. 4B, which is a simplified block diagram of hub

150 and the power supply subsystem 180 employed in the embodiment of Fig. 2B. Hub 150

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

provided with a power failure backup facility, such as a battery connection.
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IS is a predeterm ned progranmabl e value which is arrived at by neasuring

t he maxi mum peak value of the current 10 for a period of a few rﬂr’;uy\g ?@%n
power is not transmitted along the Iine and when no load is connecte y

t he out put of the power supply distributor for the line; IOTl is 10
rreasured at time Tl; 1072 is IO neasured at tinme T2; and 72 f't ~1 ~ ~
'va I|OT3 is 10 neasured at tinme T3. Reference is now nade to Figs. 19A -

- whi ch
st rat e vart ous Tuket Pnat et gt alny e i ¢ gt

consunpt i orfoPRingCeBFalyda@own eh' cepsialist i te bloekmimdei frremthe pbwérlsappy E89emim
invention. rdbhg &k cahhuts: foh%aﬂchH?Ct' onal ities described hereinbel ow enpl oy
a basi c noni torl ng and managi n echni que which is now described: In
accordance with a prAeF%‘FFed’aé%B@mtrﬁéﬁtCO@ifoltsh@ygmesé'ﬁi typicelbn tmbaliedt inen

functi onal Irﬁlyroifdhfrollwr}iréfgﬁablygoﬁfb@ tm%lgﬂopﬂg\gé;wgw Blder 5'%:! 4or mal
operation gﬁgﬁg? sensing current on all lin IS pre era y carried
out inag f f?cycl i c manner. The sensed current is conpared with

proogrammabl y pr edeelsmidae diu: O e aSodidbes KT B3I Gre t aadd ve'y
or additional l‘%lﬁ“ vol t age be sensed and enployed 8 pose.

the basis SPSPHPSES PEHE AL sdé% aredrpnpmitiedever senar aafsg’fl?tﬁfbﬂﬁ!fasﬂtﬁeﬁaﬁgcamed on
over - cur r endndudtors miaﬁe pwérQﬁ;tply%teﬂQéeﬁBkubst%l@\{ﬁﬁ rb‘?%e ﬁ;&ézﬁﬁ,hto'f%t ioon
may have proo adj ust abl e threshol ds; suc over-current,
and regul af® ‘3% n@d? %‘lﬂe The normal classification may have

sub- cl assi f cati ons, Itsismﬁpraﬁt@lcthzlt\fﬁw@ﬁﬁ lySheeR. m;i?ow@,nglp},gvgor@ rggymde

The syste t he operation of nodes classitied as
bei ng ovemJ écvzr(rw iy’ ?ﬁ F%?F@Pﬂ‘ﬁe’n%fﬁﬂérmzl@& HB) cip Yigh putght HOWdé oo
exc¢eeds a 8W4mgrsﬁgusnms 270 (E8 ') BHQFigat A) 8RS aripr Asietpedivagd ti e,
power to th etermned tine. 'In_any event,

is cu
current s upgrfg {\tg‘ﬂto(g cgnér:%{ & O%e %jd’fh‘%‘e‘F Hﬁ@‘é’d £% 2 @Qeitivecropdnstariag indiated c ur r ent
t hr eshol d. b}‘l (1) anslabe dtheraf whichlis designaédetsraaftg Ve @BhdiRRE atf indidRePhEER Nhe

i nvention, 0, t te .threshol ds, may be defined between the
regul ar ov‘g‘f{tg%trgrﬁgwkg Ereseho BECHYR PORYVS 284, '?fé%tf"ecﬁ?"rdléﬁ?’st Arec detigAedngd t he

af or esai d fswredtively asi-Viacind i Yie. The differencé fherebetaednes désipastediss Winf uncti on of

whi ch of such inter e.thresh S exce ded. The operative
to control_ the oper%%%o%%o? Jral’g'dg‘s&c?agﬁf > R 19 8 ﬂﬁphﬁ%i:i’%g%r‘ﬁa&ﬁ in the
folliiow ri@“sﬁmtmﬁe‘ﬁ a yinarhipawer allotagion \aed yemhmgtcmnec(srmm) aedl ukdfilteinf e | ow ng
detection r e ned tinme elected to
AibodRelddors "Cg ﬁm"d?% 4""5’%%&%"’81?’?%‘6’?’ PR R H'S%Ig"

avoi d undesired respo 0 no
t er m nat e(f°m{"Hmf5%’t°aP4bémgt o the functionality descri bed her ei i nabove t he
overal | current fl QM@ abd pféi‘eribgﬁ e aTeTel- N QV&%eQzI { g’h‘cﬁﬁrﬁﬁe“’es

nonitored. This nonjtoring may t ace‘in a cen
al t er nat | valtage inppt b¥indrea PoWeraupRik indzgeotrates @ nigodl whwhoxs rmcbpootmnabmehe/ed in.

tire | i nechyek pﬂﬁnm%eﬁﬁédg'ﬂg.k%?% rm;g,ﬁﬁ VIR EEEAP RYS nd DS IZAY 19V REE!

current §é$0 ter m ned

t he basis g Wmbd (F%ﬁA) ?hbgze(ﬁlgi ﬂB) pl@wdq:s & vplpigy ompdt -ﬁc&xuagbwhm 73 1
1 A-U- ~~tpicaipsichingsd £J:8 oieidélin E,JJ} 2vijodes connected thereto are together
classified as bei n% over-curren normal . The over-current classification
may have progranma ?/0‘&61“1}3"[0&'5‘?“&3@#"9@%& sipplisi forn lasltlh!ntgﬂy of\wempanatorent , and
regul ar 0’464 whidh laRBtreceib@Crespydiive Fefbrin@ l ésV@ref’ eg, “ctjé g%ggagxﬁﬂa%“ on of
hubs or ﬁ\ﬁyer su Ely and managenent su tens c aSSI el n

aver - cur r ERFER YPIESt GPIcEW Ry trm?ﬁliérlmplememqé IOVM)aMmVemrﬁ eﬁtogmw&s a
regul ar ovefdract veIMBE soutbes mtreéel%%&%h g)pi!tg'ﬁ"oﬂitxg‘lirﬁgét;lex@ Pﬁﬁ# cﬁfcﬁh@ﬁﬂi tine,

power to nodes i s either reduced or cut o after the
pr edet er nﬂ;‘r\%dze‘qt{31 %@S%Fgr RO dhig, 40hand\3dp {Fis. 4B rrseferably wata pus 7t ted to
exceed thAthrnzghelp\/seyl@éelsom@,r‘;ogngaggttbetﬂgc;m;@e I n accordance with a
preferred enbodi nent of the present invention, various internedi ate

t hreshol ds may be ﬂ ey oyt B%‘t%éfﬁt%‘éo‘*rvég@mhed)%a ahreng Jimiter and sitch

t hreshold and the nigh overall over-current threshold and the aforesaid
predetermned tine to cut-off is deteq/gmi ned as a function of which of such
internmedi ate thresholds is exceeded. Additionally in parallel to the
functionality described herei nabove, the systemis operative to report
either continuously or intermttently, the current |evel classification of
each node and of the entire hub or power supply and managenent subsystemto
an external nonitoring system Further in parallel to the functionality
descri bed herei nabove, the systemis operative to notify nodes of the

i npendi ng change in the current supply thereto. Reference is now nade to
Figs. 19A I9B 19C and 19D) V\:hl ch are general | zed flowcharts each

o e




Fig. 19A illustrates a basic technique useful for full or no funcflibtﬁéJG 903
operation in involuntary power nmanagenent in accordance Wth a preferred
enbodi ment of t the present invention. As seen in Fig. 19A the system
initially determnes 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 povver consunption (TPC) to the current total power :
avallablllséé &*1]; i S then deteer | f TPC/ TPA is less than typically

0.$, addit{BnaMHolEsve: FPLyIRIgEd VIuM? SnsHTeaheergr M8 # &rqyidedra ti zed

basis. |f dre@fiFRtedi \&Itg;‘eeatﬁaetrvduhMtﬁuyﬁblﬁgéshy/ogt &&v&@mrap;md acbws gual
nodes i s dinswnect gTPA is

2GLe oneton a. c{{?&am s. If TP
equal to of greater han ‘m}%' PRS2 lg§ b'tﬁ‘ ‘C‘I‘té’§ h Wicheig by difsrepseni cal |y
0.95, an |b¢twnenyvpst awd eléous 3o the mahtinen daconedl drode 2ee(il. BA% 20608E..3B)f so,

d d | t the |
i ori by ran g fPangdR (rip b bl 9L &9 e SRR BHRBROR 400 e i gier
priority rioepdied to momgentrtd cantrplosiksnits F26g(Figl 98), 26 (Bg 3R),eR65Fgechnamiue
useful Toryg ik @) BREEUACIE 8R4 1 QRRTAULAROM NoGIBLOGHGY Y SLL '&gﬁt' n

i nvol untary powe nage I'n accordance W erre
‘the preseritgardingshe DEreurrany Sowiog HmpughdhedtPBARy. 19B can be used in the -

envi ronnent of the fﬂé%ﬁ%b&@?sloh%%]f nggﬁl‘agors% %P@%E‘“ﬁ%@ ag'ﬁené im era C ase.

system senses an errem% Cy nee
t he gi ven apb#Rtqhs408s sthinmthd Opmetsmf@mwtofmomamm;s 404 care hupplianlntheremnm aty of

Fi g, 19A ighea PRl ol 016 L4 1o EreBRREERR R Wﬂfﬁggﬁﬁﬁf‘&n‘g‘%f e,

priority of the given node Is returned to It u rior
funct i onalimfter a9d Switeh 408 provides dmmediate gercent limiting ¢t a rElativelyliigh thrdshald, vltles a

t e¢hni que tﬂé&aﬁphatfow whddb butfiits fre sfq.lsme& tooaﬁ:'ehttmmfép%cﬁ%eﬂ 408 \la e 410

queue- cont rdgé @ riority.Ln involuntary power enent in accordance
with a pré¥erp Bpé%ﬁfﬂi" ‘??anﬁ‘*aq‘ﬂ'éc‘bTeé‘s"é‘ﬁPﬁPfrﬁ/réht‘Y owghreseldn in Fig. 19C

Eﬂe fyft lem initi ?l IF¥ipdiep amsrt@s@oﬁsm th @ki@hnalPAMRS wﬁmabrlaei%'x%mbfa doﬁu&%fv\el I as
e tota ower ,

IS curre supplying to all nodes. The
rel at i onsHFSPHRNS cgfﬁhq%ger&mt swhteh 4‘%&%!?" BYRERAS &(ﬁqnf(q!p@ui&sg% he
currant tatigaBAmmmr(Fxgvm)laab(mg ) ﬁl'ﬂ%)sémg iB)eh Udga@;r mned. |f TPC/ TPA is
| ess than typicall addi t

, on are._s ied full power
one- by-one on a qui’iﬁé ??BWP‘F"S?ItLﬁ ‘gbr‘F‘Eﬁe S‘TS‘E@G bsfﬁ@‘ CIFGUENE A y2lin b £ r st
come, fi refferatedronable gstive leall.fin Q'LEE/a-EEQalsﬁorGre@cﬁ%&ﬂd bd@wAndciedibemeby/ the V@P, power
to indi wgﬂqﬂ vn‘% es i s disconnected one-by-one on a prioritized basis. If
TPC/ TPA is equal to or greater than typically 0.8 but | ess than or equal to
typically O. 98 anlti ncfuithey apredicaett thas tHeOcompehdner ofathe SPRAR] énafy elsd b€S power .
I f so, tha, 'lrﬁe?fgg‘?&f{lll%ﬂéehe bottom of the queue. Fig. 19D illustrates
a techni quu use u or tu no functionality operation on a
ti me-sharing) pri oRefeiepeeds ivsingde Fig. |6nwbich|rstaasuypl;fmdmhemmaxyemnbn pfia
accordan fr.t h res As seen in
oo 10p Pt piBhébd OF FIRASIAROL o8 Fif 1€ BAGIRN by IAWER RS TooT
as wel | ommerss atrmtaplomjmtpoth ﬁazt Siand 6shm¢hemamb lej,ussamplolexgg6 isthetidvied odes. The

rel ati ongfi t | on

current tSch)t %‘p&gmgggv%% &%&F&? fo%T'ItB%)san h°é’H8%¢§ er m naedtﬁI “°f‘q} 5%“#PA IS

| ess tharﬂeicylail@aqhﬁyoﬁ]sEOVlMdletemonal nodes are supplied full power
one-by-one on a Ui REeshi'is Mw RideCl! k29, RARKSs ol ARbFAL Yol afhghgs! S Lhal

t he node having the Iongest duration of uUse I'S cut C/ TPA is
greater tiiusHaRAL @dAN nale gRerfapryvirepit pesfuyl inithe pribedimensod Figss lalasé dArfect ed

one- by- ONRarkle As RideRfal bdp&@rsPPB! S149. 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 transcetver 502, a mains-fed power supply 504 and various other elements 506

49




I f TPC/ TPA is equal to or greater than typically 0.8 but |ess than1o?z@ﬂbﬂmm
to 75 11~~~ ~t~~~typically 0.95, an inquiry is nmade as to whether a -
new node requires power. |If so, and a node having a Power priority, in the
sense that it has been receiving power for a |onger tine, which is above a
predetermned mninumtinme, is currently receiving power, the | ower

priority node is disconnected from power and the higher priority node is
connected to is appreciated that normally it is desirable that

t he node béeﬁe %ﬁédh? fragtenziyeot neaoém%enm@¢Mcmmm:@by lsemwisppki ed
thereto. ThpsrafRobSufdiCipliatitod Bkive! APkl diurRhi el Ber CONBUALERR! ONS

cabl i ng mwggusu data transm ssion node or 1 n an er suit e node. -

- . Ref er effC8"S G{GRFITKIgS P13 OpipYio thepiata trapmeiver§62 emﬂdl SEERLe pRTYeE AUtARtdo

gener al | zedcédmwbzarohe BB ddl povwet E@plyngzwr}:%fe%a%%ﬁ %E?B@Hétémkfdaﬁef ull or
reduced fugb ti unt ar ower ement step in

3{]16})': a%%'eratl on in aninvo g{g

the flowchart PGy PRYVYS BOANR |TaRgEV e &R andoaesﬁlém wohehejuditeles ul for
full or reduced. functionality , operation in involuntary power nanagement
in accordance with gfpref erred enbodi gent of the present inventjon. As seen

in Fig. 20A the sySEERFHS PRY 1980 i ?Peswltlﬂbwt pimplifedubloch diagragn| e t o

it as wel IlllWatxdneoﬂmzaN npdusieterfadeadiroii udeﬁxl ﬁmé @fddinentd P Fips. B 4n@ 28| for nodes.
The rel ati |p be ren Wer consunption (TPC)_to the

n the c
current to poa\f/eer’&eé‘@glc?‘g‘ﬁftf’fst Z(Ti:%) t|'§ ap &‘Hatﬁ%ﬂ@? Hie rFrquitry fogﬁt&‘j'}ﬁ?A i's
| ess than altyqnamly Myylﬁhlﬂult-axddmmwabs M&ﬁm&é&x&hﬂ)@inlﬁgj 1Bul | power
one- by- one onaprlg ,}é | g{TPA |fs% er thancgﬂdlcally
0. 95, power to indi v?dua éca ?nthld"lﬁ’E YR B‘H’eés‘f}r“f F“lglazed
baS| s) | f dapCirdmséeives jual nﬂms@sfd gmeat fipplyNE8a indpvaidud Vorler SeldMehts! gﬁss t han:

or: equal r as to whet her a node
requires agpcfgl gn(g{ I%ofs\iv%c?%%arl@yaot} géeh?e'&'[ﬂdfe G SCGHRE TyPiFaly OMPLSES 23 node
ha\él nﬁ a Icmveﬁtopﬁﬁ%wmctl i§ gpemnwe emtdcyivq: doteiand eig:trmwwer(avextdnghmw°nprl _08 i Ei y
node has iority node is, provide
with pomelfib?lnlggw{foﬁwﬁ %t&@gga{ %ﬁ‘%’e’ B§ 2?@4%"8?’ &P eroﬂ”% e{‘j’uced
functi onam@ymew@nmras anlwgtﬂ:d Mgemdx/ 560 eraférabdy foming\pattioftnatworkp oader
management nt .of the

i nvention. Sqf%ﬁlgg hni qug Wg e Q%% %"g‘%q’lggggis)g‘hﬁogs bﬁy ot h?{)%&ngaﬁlt of the
functi onaFf@iNbf Fig. 20A. As seen in Fig. 20B, the system senses an
energency need for i C t he

gi ven node js assi %g%é&c rﬁ# E‘g\é\?tb?fng]?mg sf\‘r&;ﬂg&fﬂ&k dfks 14 gﬂgfm ?r?/sscg% Fig.
20A i's ap}ﬁﬂ%ﬂem wenthef a@%rplgremfyl lsltltetmtbpdjmenteot' BgagéA aedahst'&e vetienspri ority
of the gi ¥AkbdREEs | ha'i/e kiRt cdmAred gtn%oéeté"\f cAipHAS DB, gx]tB ﬁe@gﬂmhﬁgat{ow}%lfngnal ity

of Fig. 20A 76 ~~S~ ~~ operates” ac
without upsettmg the balance therealono while producmg a mxmmal change in the line

impedance thereof and preventing saturation or burnout of line transformers coupled thereto.
(. Fig. 8A describes a coupler 600, such as coupler 220 (Fig. 3A) or coupler 320
(Fig. 4A) suitable for use with a LAN in accordance with a preferred embodiment of the
present invention and which includes a pair of additional transformers 610 for each channel.
Transformers 610 are typically 1.1 transformers which are characterized in that they include a
center tap at the secondary via which the DC voltage is fed to both wires of a twisted pair.
This structure maintains the balance of the line and prevents core saturation.
This structure also has the advantage that due to the fact that the same voltage is carried on
both wires of the twisted pair simultaneously, the occurrence of a short circuit therealong will
not cause a power overload. An additional advantage of this structure is that it will not cause

burnout of a LAN node which is not specially adapted for receive power over the twisted pair.
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Fig. 20C illustrates a technique useful for full or reduced functifonakjijty 8{}3
operation havinng queue-controlled priority in involuntary power nanagemen%
in accordance with a preferred enbodi nent of the present invention. As seen
in Fig. 20C, 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 rel ationship between the current total power consunption (TPC) to the
current total power avail abilit T, is then det | f TPC/ Ais

|l ess than typically ng %lB &W’b Sr%cr?g‘ rpﬁ%z suchrasews’alﬁbﬁo%’gp %or Brele f03§§s are
suppl i ed adlagt4®nwﬁt31p©\ﬂeruservethl:xyLANen@nccadm}weweh aq;méﬂexoddl anthodjpreniopf thezed
basis, typ ba P P greater
Phantypi Cgfegé t§iiof bt & abd fen GRTBes { bdiste ARINEH BRRIRers g&e%%é%&bdtgtgﬁae
prioriti zeafdaafgl‘nsers 430 aTP&PWPb( li lstrangfparhers whigh argrcbmceenzed’uamhatt ey mllﬂdyao 8 but
I ess than Qi 320 Ohik E)é “n¥o Rvog§ arg:@ &g&tﬂé s ¢34! a%dr@gef\.%gpatc? r%ttper a
node requires additional power or Rew no equi res power- s t hat
node i s ade@geqies petwedsominsings 634 r?@dq@éuél"he Ragﬁmt@OEﬁ'qctNdbsm!atws the ﬁ‘e@hnl que
useful foryfddins Qtrseﬁéqytcﬁ?x Fupedd, anpakis, tstfchoﬁ%ﬁétsfﬁﬂﬂs, Bk é?’febtt\ggr iSdiakd t'ﬂﬁ
prioritized basis in involuntary power nmanagenent 1'n accordance wth a
preferred BWatinesfr BE- the present invention. As seen in Fig. zGD, the

systeminitially detg Gasret S@pIbOLR! rROWRdInRY ab | @RY qesfp&nlvt ;ﬁanwela das the
total power that jt is currently supplying to all nodes. The relationship

t
bet ween t W¥BHNENRlReet Ye dhe FEGEYisted Ry rﬁﬁtqdmtigﬁrptshwaume ithatibpaplies al
power avai deReérbiDY chridiAvial the HAREH PBE ard%ﬁsedmbaftesﬂl?@énlgﬁeﬁc ife1d! B Swddkan

typically 0 8 . additi.on e, supplied power_ or nodes, are supplied
addi ti onal otheriyis g?)"ﬁé’“ﬁ’;‘ig g?d;tg‘bﬁ“%‘%[ﬂaﬁé’a@ﬁ%tppﬁﬁm%ﬂ th¢ sameAHectionsi s, typically
on a HgstC désdnbes taheoupleel 6500 udhng dotiger mg@gt 352{9'%@%@(& aho gﬁg k) cut of f
to |n vi dual nodes

trrst If T Ars reater than t cally O
i's reducecfugge E‘ﬁ’ ‘ﬁﬁ ;At” 1T A9CPT g‘a ‘HQS?S"“fF’fedT‘P@Oﬂﬁﬁnf of ghsupresenty or
great er t Haventigpaehivhich Gn@udesita gairsef éabarto@raseqmaéh bffectively Rk D@ 2™ an

[ [ [ d whet
addi ] onaBIHEAELAP R, P s ReRls RRGF SRl GRE SR Porhls Bn P Sonce

that it hamnifemmerrecei ving power for a longer tine, which is above a

predet er mi ned m ni cur ecei vin I wer ower
priority node has ﬁ{éﬂ 81|rl)jogre%‘r‘mbse%ap [er adug%f aaﬁ‘ﬂ‘f’leﬁgz%lb%%g? 3??%?18{ gzolnode is
provi ded WFigh4pbswitable erf ssecwithea LANnmvacrmdhxc& mtEiagsrefeﬁédAemlibﬁBnen?thmnd 21D
are gener ol els! i 0, for
node i ni t?’gétségqm}cele% rrg e“?%‘g"é“?‘sa}tto‘lﬁ‘y@g}‘r U C'PO&GS% %ﬁf%%’r}f a vo {ya

power nmandipskdX} frem esactiing thin 6 AN switchn dints sfictiie &5, alsb@elatiiely. sirdfle And ddesr sotr at es a
si tuati on yhs tes in a sleep nade as the result of |ack of
activity fﬂ}l)&rﬂl g?ﬁ é‘g‘é’?ﬁgﬁﬂ’%}e eeft;lerm ned amount of time. As seen in Fig. 21A
the l'ime duration Tibis ssiuptees alshay the sdvantegethatyduefo thhBicribeahd ssmevaliageed. | f
TDI exceeqScabtdl oty whed &‘%@%@mﬁanosrtrgﬁﬂaﬂwu?l 0k BedufiEncaBPGNGGY Bhai USCT O

system input contraindicating sl ee e operation, the no en oper at es
in a sl eefherssiras “rrthrifém%e#mwrrwvrrmélwdsbb%@aﬁma@ﬁ ¢fithis stengtselis pleafitr

requi r eneris notfdalse barnoft dfal 1UGY ﬁ&fe%ﬁhr@h i§ hbUBLdi g awﬁédefopre@exo@gﬁv&la%rat es in
a sleep nmbde as the result of lack of communication for at |east
predeternf'ﬁé?.f‘s?fﬁtﬁﬁ‘ﬁt of time. As seen in Fig. 21B, the tine duratr on TD2

since the | ast compgigeafeiciBesAfcolifl& ﬂ@%eﬂé&&?&l%ﬂ%ng' iA)TQQcoﬁﬁi&eﬁ@S
typi callygFa&f ew seconds or nminutes, in the absence of a user or system

i nput  conff&i Hi Liableruse sith AeleAN ip @scerdenss) witha prefereedrambedisisat af 8¢ i n a

sl eep mid?neséﬁhhﬁ'gntféﬂ raﬂ@'vl'h‘i'ch' DAk BRlaRiSIAMInhbdde ERPIEHEEGcRR \Embiner
reCIU| renents ustrates a situation wherein a node oper ates in

a sl eep rr%%"‘i"?f”%@ssb’tﬁtg@“tﬁ iustaRle castive balancing qircuitsa70% #nd b avhich 3%t i ve

Wi thin a pgdriive irCanjuyictmGiiihirspetive @sxﬁéﬁdco&km@imuxt@?oé an@nog. fromthe system
or the user. As seen in Flcgfaa ine slots are defined as tjnes TD3

whil e the remaini ng f iR 'i"FFe%fé imept Of K9 8 JBat dhe WRBAHREt her i t
is currently within the time slot-TD3. If not, i.e. during times TD4, it
operates in the sleep made. Fig. 21D sllustrates a situation wherein a node
operates in a sleep node as the result of a sensed fault condition. As seen
in Fig. 21D, the node periodically perfornms a self test. The self test may
be, far exanple, an attenpt to communicate with the hub ar power supply and
managenment subsystem . |If the node passes the test, it operates normally.

If the node fails the test, it operates in the sleep node. i Reference is
now nmade to Figs. 22A, 22B, 22C and 22D, which are generalized flowharts
each illustrating one possible nechanismfor hub or power supply and

rranagerrent subsystem | n| t| at ed sI eep rmde oper ati on in a voluntary power
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Fig. 22A illustrates a situation wherein a node operates in a slegpj Wﬂ?ﬁ#@ﬁ3
the result of lack of activity for at |east a predeterm ned anount of :
As seen in Fig. 22A) the time duration TD 1 since the last activity of the
node as sensed by the hub or power supply and nanagenment subsystemis
nmeasured. |If TDI exceeds typically a few seconds or mnutes, in the absence
of a user or systeminput contraindicating sleep node operation, the node
is then ,~ 78 ~~1(~~~ operated in a steep_ node) which

normal l'y i ?N‘&F"«%esa%‘faé%‘afiﬂqgawcyé% EQ?ru%‘édmﬁoV@’F Ia@q%nefaé%m gonjuncion pily

i || ustrat essgctiiel seafin® AndvaetRi axr&;@omé ana mseir@to%&aﬁ& B §laBffh PRESeIRs the
result of ftack .of.,communi %I on for at redeterm ned anount of

tine. As sOEHCR RS OB sh of e tyq RGP BT i SR Pl ey
comuni cation of t h¥onmdg tesougmnefad. Al siih mw@paa tEDMRRuNSdA i dabRdpvia

T nates. el e 76 1B s o g A iR 1o ROPR PSR  cop
nmade oper ataltages, dshoresaideart spiiliec o @pestrhedvd wirg dpagingind ewisteh Ipﬁh tiog mal |y

invol ves sy g uced [ requirene strates a
si tuation wﬁ‘gr €i n°lt§éen%éa° s¥fg s%cﬁg‘?agf ¥idings h@f 88 t‘%tﬂaé’sgﬁn?égﬁ N cl ack
control f rid@ncement fialys dwerqdmmgh 'ﬁh:pplbvyatartﬂe need SGEIDE ridolasing symtients andstheh t hat

t he node i [ . i l.] C ng .t e sl ot, absent an

i nput from lﬁlf ﬁ’gggstxg?%\grﬂtc% g?‘ﬂlgggésaél ah“é‘%be?’gwgr OE%h % "t he t| me slots are
defined as tines TIZIBlswhpdee'atbd]ﬂaaﬁ whereasini arﬂnmettcaltyadeaﬂ; s;desin therd wagld Fdtbe The
node det er, ¢ C i f not ,
i.e, duri nH} '? IS%J?P%BQS baichdeﬁzas I;’M&%?Inllﬁt lFUdeen%ﬁie?fg”EFt & rrtrel%{gﬁeﬁ t he
hub or pomat@apm ﬂlealﬁa nesisiznge rbomg tlsmb@ystcemwmmtmlabhdmsywde thqo@lCatl on by
gover ni ng vu?"rgepgﬂ“gich %g%gw bfted JHend1Q8Eed ﬂlr%ﬁﬂrnq{a ﬁemcaﬂnttﬂ. b@efngé gsai d
clock contro ?ust rates a si‘tu I'S operated
ina sl eeﬁcmdé!aagns thusreseating a gIC wolfage Idtopcmm thp @wosf&qms eﬂ t!bl}sfqmler R or
POVET  SUPRIch2BEld TRRSSEHEBiurdtitR DY RISt of transfofifer FREN 1N Fig. 22D, the huh or
power supply and managerrent subsyst em per. odi cal gerfor ms_a test of the
node. The sel f t estRefiggncpis noppade,Figy8F.avhighhis gisimplified sehematigillpstrationofni t h t he

hub or powgjre mpﬁﬂbnmqtaﬁaﬂagﬁmﬂ.somaﬁmw%ﬂsa trhsrnlf 43986uiRATSERndNE T €S,
it is operated normally. |f the node he test, it Is operatedlnthe

sl eep mpdBUmeRAls Are pmployed wtinige §Eand 88 the sphemptimillustgtionrtd BBFF Whi ch ar e

gener al i z@gliekédD V& Baséifetpinbtoly hddSthbrdiokd)FoOtR RIQS of BhRisamehany adMmidoant ful | or
on'in a vol unt ary power rranagenent step in the

no functlonaIaH { .operat

f1 owchar t ' é"“Pi‘B“thﬁe@}‘sE@ﬂqu]FeE@‘irat es a basic technique useful far
full gr no functl Ofl@fdfrén)ée Q?@ﬁ/ﬂﬁdd@l’: |8?Wﬂ#sél{l%§%%pﬂﬁ¥@§ch@iﬁﬁﬁ9?ﬁ@&@ﬁod& _
accordance a ererre e (0] e_presen I nventi o seen 1 n
Fig. 23A 2 Pf‘ﬁ*’é* Sﬂ‘g&m"i“ﬁﬁ“ﬁ‘i ofit Fb °‘BQ‘T“€P%‘ QEEie; RE R"W&i"}l Fougsnticy! I’%E’&f“'é’d to it
by rranagentmﬁral&tardaergbw;&ﬁ ih ibath Fips. QEC@IHCWJQEC ¥dhkdati mew:oﬁw&veg 8@ ison

pragr am a

as t t ot al po is curr entl up ng to all
nodes. e“l%ﬁ fo E%gﬁqﬁgﬁ‘pﬁé?tﬁ\gew\éﬁhgetgfﬁ f‘é‘n‘@e tsﬁﬁea? °é§3 H'E’u%/figf %Bﬂ (TPC)
to the curemaitde‘somipabnmmﬁmsp\-bhﬂaﬂie're@n (TPL) i's then determned. |f TPCITPL
is less than typic 0.8, additional no [ | i.ed, full wer 79 ~
~ ~d~G 2~~3 one- byiSIr-?ge"S%‘sé“’B’ngf’lt?P od}b gﬁs’é"q‘ﬁ?‘f B%‘/Plll*gﬁd I’Ié’ lb?g%‘f“@r t han
t ypi cal | yad. s@hqmqnoumlstritmns ofthavibublenlbodia@is of § sapaatd mmtmdhm&)obimeme on a
prioritiz I TPC/TP Jse reater y 0.8 but
| ess thangfgfrg A‘a?A 74 pisterab h § cgmes a“°§ﬁ”‘f%‘ﬁ%?ﬁf@ﬁﬁ?‘éﬁ 3/Pq:ldgs\/\}iét her a
new node $@quires power. |f so and a node havi ng a Iovver priority is
currently receivin | ower r| t i sconnected from
power and the hi ghg"ra%gﬁogq ﬁc%?ﬁ?ge"im ?; 8?‘60 Bg‘mg‘?se separators may

also include appropriate filters to avoid interpair and xnterport crosstalk.

The various embodiments have the common purpose of decoupling DC power

from the communication cabling without upsetting the balance therealong, while producing a
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Fig. 23B illustrates a technique useful for full or no functionalilty AUG 2003
operation with enmergency override in voluntary power managenent in
accordance with a preferred enbodi nent of the present invention. The
techni que of Fig. 23B can be used in 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 given node is assigned the

hi ghest priority and the functionality of i Fig. 23A is applied. Once the
emer gency suihinad clmgadn therige impedasdegher¢diend picosnitity sofratidneor pumeur afdide i s
returned thah%fémté?su(,%L Ri Qklty and the functionality of Fig. 23A operates
accordi ngly n accor%[ance With an alternative enbodi ment of the pr esent

i nvention, the functFiand desgrieh atshparatareli6g@ mesh ayodmrateryl 4B €Fig. 02Oy stitelde any
voluntary powRL mqmgcceﬂdmcte%ﬂhq ferl‘:e'dgmbgﬁ&eﬁt olf‘tﬁt ré@én?%lv@ntfoﬁ(ép@' que

useful for full or no functionality erat| on havi ng eue-control
priority i ivhichlingledss mmfr’ddfhﬁﬁ@é;eh!ﬁfwmﬂh 16l@cfor d%@h@banmlt Frapsfpymerseioi@d

enbodi ment ,af4ibgy Wt%ﬁ&?odn%%ﬁdh% ché%Trért‘z@&‘xd t'ﬂat':th& indtfera cEEt@r 3y 3 AN
initially determnest ower all ocated as well as the total
power t hat Primagysizwhigls the DE ‘§11}B$ﬂ iy prigetedirem bothweeofaméteﬁetlatu onshi p bet ween

the current total pomegs stﬁx@tﬂmhta%tl&mcet&tﬁé”ﬁn&dﬂ& fp?é%nt§ ébtréflsat
al | ocati on %PL) is then determ ned. The technique o can be used

in the envhsiesre giso havthe pdyantgge that due tq the faotthtihe samq @Setlhﬁ%\'“?‘i/ﬁ‘i cally
0.8, addi t b&Rired SRS tvAELRd %ﬁr&@lem& Itw&w@&eﬂe@@nmm@ Biftul® thcaearon will
queue-controlled, prioritized Ly.on a first |rst
served basP® case apeperpieripad. 6?‘@3‘?‘3?“444&??‘%9 Bf %&I SF"&“’W"’Q“S“‘“;S‘O‘\}@E"% gause

i ndi vi dual burélt of 4 BANI foa@ Whiek isedt e&allpudapeed f@ﬁe@x@rpbﬁéﬂowrlmmlpﬁxr | f

TP& TPL i's equal to. or gr eat.er than t caI Eg L (ﬁ‘ han F equal to
typically 0.95, an FHgd rdﬁscf‘gesr?é%ma‘g "h"t?Par%t 4% 85 power .
I f so, t halhserwldEaiI.S\.Niﬁd@&ﬂ:oﬁd@ndehﬁtlbﬁbie&ﬁe@ﬁmb&iﬁnémeﬂehe presgnt ﬁ@dﬁttbrﬁ hutst r at es

ti ﬁgcg E;?I‘Jﬁa‘éﬁ Bt‘-‘f“&’rtf %)lrpill;é(u?% B%Qgt;oé’-ao Ct i O&sélf%y%glpelﬁg Zg‘gﬂ’éﬁ’{m?’ﬁ 183%or dance

with a 80 aretypicaldy'1 aahrpere fwehichede e}mbménivarih thut thelpdnghude eeprimaryp163t i on. As

F LLy h I d
Foon 1 e T i S S Wt eI R Gl PSR o
nodes. Thebetwedeatwiodisgy p63bemd/el6316 tThe ccpamrcereﬁ‘emyblalcommrthecmsmmphgsm (TPO)

to the.cur o0 r

t echni que {)ﬁgﬁt:f&r%%gggg @ghﬁ gst" n &igérﬁlﬂfﬂ?o{r’t@m e&ﬁ%@ .EA[Q&Q : |g 23A. |If
TPC/ TPL i sWinélgss fonBR- t ypi caI ly 0.8, additi-onal nodes are supplied full
power -one- by-one onrgt h P10 a basi s
that the node havi ngﬁit hég@?tg% %%%l@ga}reaﬁoo%ngipéﬁg%% z‘ﬁt’ é&‘% $?+Jr“§3 %

TPC/ TPL i sregatvatveltages via t!neyqsme Awistpd 02i0 Bn ageantage obthissttighing iscthat rlromhesws

di sconnect to or
greater t hrf;eﬂ z&0 g?(%gv]nfé?t? c\)rﬁrthﬁtvmt!e@ gént ﬁrﬁggusg@mé%aeg the %E% tgcf,:) gglfi Shaft %bgld
induiry i spﬂr‘*ﬁé‘élée é@etewsmdétmfr tvgstedbneirsatied B@qwmgltmm dlf¢°F1°%Go and a node
having a | ower pri Ofxgt ¥e dké&r:ﬂé?,ea s%ﬁz{i'a?@r I%Q@tsu&ht as'k’éﬁarﬁ@refhzr(?@eb)(} Regtdder for
alongertlrre which'l v I's above edetermned mninumtine, is
current | y PPeessivtgLAN e aocordgace) thbearvrffrquntbydwa@fﬁ%e RIPSSRGRYFBEPRANG 1 om

power and viiéh lhuqtr@ fa Jﬁff'&'&ipﬁbﬁtdﬁ@f’ﬁm\ﬁlcﬁ @Hé@@élﬁdl&pnm readHing the ABQY eci at ed
that nornally sirabl e he node be_infornped in advance in a

change in qrﬁ‘étsp%#ﬂtcsﬂt)e relatiyplyisiple and Aess 4ot remiics apadditasaldRedREITshed by

signal I'ing al ong t hggComLRliEAta sw&at&aﬂabo rsgchlzrgsapdaa&ai4z§atgazAr aHEdBleSSi ON
node or |g any Q her surtable node. Reference is now made t0 Fi.gs. 24A)

24B, 24C ARl Hin agcardanns avith 3 preferred| egiRedimentcof dheopresent| igeptic #dy one

possi bl e rmﬁ&rambma@sftwo pditls |of QapdcREI A6%D arddUIBOD | voHieH eftaén&wsebetu DT HmA
vol unt ary enent step in the rovahart of 16. Fig. 24A

mana
i |l ustrat é&%&é@% ROAE ngHiES g BEs &Eflé?"th is 3lg0 fefgiiyel :bﬁmrpkﬂdtr@e@er H‘Pfc’Fﬂ‘Bﬁa‘t“i ty

oper at i on aHditiveal trrsfrepOVWer nmanagenent in accordance with a preferred
enbodi nent of the ( present invention. As seen in Fig. 24A, the system
initially determnes the total power %Ilocated tv it as well as the total
power that it is currently 'supplying 3 al| nudes. The rel ati onshi p between
the current total power consunption (TPC) to the current total power
allocation (TPL) is then determ ned. The technique of Fig. 24A can be 'used
in the environnent of the of Fig. 23A If TPCITPL is less than typically
4.8, additional nodes are supplied full power one-by-one on a prioritized
basis. If TPC TPL is greater than typically 0.9S, power to individual nodes
i s reduced one-by-one on a prioritized basis. If TPCITPL is equal to or
greater than typlcaIIy 0 8 but Iess than or equal to typically d.9S, an

o o o v Y e I Y T o o




81 1'1 t~Uli ¢ ~~~ and a node having a lower priority is currenfhyaus 2003
recei ving power, the |ower priority node has its power supply reduced and

the higher priority node is provided with additional power. Fig. 24B
illustrates a technique useful ,for full or reduced functionality operation
wi th energency override in voluntary power managenent in accordance with a
preferred enbodi nent of the present invention. The technique of Pig. 24B

can be used in the endiy QRBEAtIBHhad ME adHAGE] ARAE tY1hO Facl i the2bfe ABagaeEN i N
Fig. 24B, the %/stem senses an energency need for additional power at a

gi ven node. Y #EGAR bethowires ofithetwstedoppimypwitaneouslys the weenmenre of 2 S eirgytti or ity
andI the funclicatag hﬁyn&fchﬁkgpoaélr]@véxﬁaapp{ iﬁdionzfjﬂi&;ﬁnia@@oﬁﬁ?ﬁtgﬁﬂﬁé/is Hhat Hat | Fn
no | onger exists, t riority .given node is refurned to its usua
bri ori by andl RE iR ErIGHET A podepgchys ROt BETlaC st BF et APwer Aver

accor dance wiettivised pait.t er nati ve enbodi nent of the present invention, the 1,.
functionality of the_e ncy node nma t o, overi de ol unt ar. ower
managenent |initati orf&r‘r%E?%‘?‘c“éﬁfd felp?rﬁt§¥tlg®e§“°5 afémfﬁtﬁﬁlgg &%%f%.ﬂr}’ ?%%b ull or
reduced funérriusnwith & L. Adpmraatdrdancdraith a grefprred embatihemlof €@ ppasénd Erivestionind
voluntary p . eent in accordance wi.th. referred enbodj nent of the
present i nvg’n f'g%ggg’ag'g%?ﬁ \Rih I’I‘—"l"g'&ddfﬁ%fp%{’%glrcé’ifﬁegfﬁafoﬁilifq%é"f"f’gf’sa%'t“@rl?ﬁrﬁes t he
total power O%deustablbeciivbd)alhmcingsnimﬁtsl17%§xﬂhé04, edhith-aposperatitdiacorjlinction withir ent | y
suppl yi ng tfé{%}&e@?‘% .anIantgoFéi 51*{88{]’2?'&91 It}xangeen the current total power

consunpti on e curren power” allocation (TPL) is then

det erm ned. The t echftiisaegasikulp fatuR4 the embrelimene of Fig. 08 ahae thei tworpairstof of t he
of Fig. 23 fuidible ofitetlankSo | t Yid : ddi.t i onal - Nno are
SUppl {'ed adih o snutni s LN aroihe dich e QperBll ol SHUBOBEE 3

badi s, typiEterireoneng wndseontroin@ircuits 96 agdriVed atsasgestivé fo Mai@aifPpretiselyr eat er
than typi cajibafics - vafkdged b bfthé B wiked ¥ bsfed - by-one on a
prioritized balgi S. I%e %TPL J|:§‘Q)|e tal a%%rgg’%%g?ﬁggegé)?g?ﬁg%d%hf&?(gal |y 0.8 but
l ess than or equal tHém}aﬂyémmgptef.agfsAN, apde inevpleg to comraufécation qablingde ker a
new node r egdfhticRSraféitliniel 9PR! wRRNA not birt §fﬁhc Eelﬂﬁratop(?ﬁﬁ)l. Weﬁﬂ%ﬁ%@ girehﬁé:al bot t om

of the queue, Fig. 24D illustrates a techni que useful for ] .
addi ti onal YoltAges, asafareseid, assraintaingd areagh of the fen wirenepmnsising thettvisted Mifsi s i n

vol untary pasels idaNQ IR icrdsd tR GRREGANEENM Jf thedsoldtioR ek OhdRBd Of
t he present insenti on.ﬁ% cgesen icbn F‘?’a*gI 231%I tﬁ osagﬁgms?oﬁﬁ%ffzﬁl g/ﬁdet er m nes

. . ) € tem {
the total JORT curenbilosrsshersthropgh. duis gRvigtesthe pegd far fiGaisolptingerpaciters and thpg
currently sthprivyd thgbdlghcik hndifedencelffichifd RhhaaidTiiR sBRiagen the current
tote! power consurrptf on TF?Ct:) 2 11 ~ 2~f | ~
t s 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 identical in the absence of
-active balancing, thus creating a DC voltage drop across the primary of transformer 1710
which could cause either saturation or burnout of transformer 1710.
Reference is now made Fig. 9F, which is a simplified schematic illustration of
part of a preferred implementation of the embodiment of Fig. 9E, including elements 1702
and 1706 thereof. Inasmuch as identical reference numerals are employed in both Figs. 9E
and 9F, the schematic illustration of Fig. 9F is believed to be self-explanatory and therefore,
for the sake of conciseness, no additional textual description thereof is provided herein.
Reference is now made Fig. 9G, which is a simplified schematic illustration of

part of a preferred implementation of the embodiment of Fig. 9E, including elements 1704
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to the current total power allocation (TPL} is then determined. THel AUG 2003
techni que of Fig. 24D can be used in the environnment of the of Fig. 23A |If
TPC/ TPL is less than typically 0.8, additional nodes are supplied

addi ti onal power one-by-one on a tinme-sharing, prioritized basis, typically
‘on a basis .that the node having the | ongest duration of use is cut off
first. If TPGTPL is greater than typically 0.95, power to individual nodes
i s disconnected one-by-one on a prioritized basis. If TPCTPL is equal to
or great erangd 1208 thymoofC &labmyudd.a8 idmntical esferetdeamneralseqel ainplbyed. inytpticEpd. PEO. 95, an
inquiry i e : j n addit ] I f so,
and a nod(samﬂggi tﬁg&g&ﬁ%%ﬁ&%%ﬂogﬁft% , 9?}295 ﬂgg%étﬁggi?lﬁ%i%@gﬁ?gd%%}égg&?’ecei Vi ng
power for fer thosaleef congispesnimo@hdifienabtsstuel desopiptiohethereofiseovidddiereinm time, is
currently receivingmfull -noweg. t r:o QLA QLT i ower
supply reduced andgrth glrﬁ?lgh%ﬁl sr'idc%re?l%d;&ﬁcfgl%ré@&%r%vep%g%t}%?t%%el %"3‘ t?fé\gnal
power . | nideotet darbot ledds of ylee tvasiet hair tpwbich rtheydere wbpitidnie mrdesfto tpheyentr esent

i nvention, ¢ 2 0ddy g : b $168:S:1Rui m f or
gonerati ng.QEMEy SRE R D (R o CPUE PR iR
Ol ement s S¥EPG 2y Ghinging ShmHeRCAq RS Fevugbile fatre Bl L02una 1704 MY e

bui | di ng; cGRRPHSIRenR N6 2K 1968 refgrBipRlyl dat i ng. power di stribution and data
comuni cations over. a single network _Serves to sinpli and reduce the cost

. o sinplify

of network el ement Refesanes Parqvomadndp Fig- JPOv vdichds gedmplifid Weghpdisaray
uni nt er r UpkuGiehtioh &@9&&&1@&@&6&5!xﬁaborﬁqwdix?pmrt dugﬁl} AR IRhentifvbvees 1N the
event of a power failure. Hereinbelowis described an apparatus_and net hods
for gener SYRYcatigns; Gahling gconsiaciRdn 4B nRpeRANE t inj accrrdgesfe ithy @r PlERREhet wor k
i n:}r ast r uembddndnd af thé Fredehd ifvdntibry desi gned for digital conmunications
purposes. The invention functions to reduce any possib]e disturbances to
the data communi caf’ 878 mRig 14 Hersi aray! Sﬁﬂ%ﬁafladﬂ nefworif (L AN} FRIPAIERE 802, 3
\em_d ﬁt _hlelramai mzamxicg}iﬂmgﬁém;y cmtg][;ﬁﬁe@bly; smmudraaeheliﬁgasyajewto ZfhAalitnd 26B

ichilluy te.a c i agram o pi C ata.co ni cafi ons. system
const r uct B4R #o0Reruf i Sehta2puaTditls BRb st 2B B s APRERE ”of t he
present i 2016ni LAN, teleghene ial3o &kndvat aodnkIPdelephoas 2018¢ & cotfputdr 2020 amid seaved net wor k
connect i Vﬁéﬁ over the same cable. The network, generally referenced 3060,
conprises”"a WAN andl or LAN backbone 3064 that is coupled to an I h tel ephone
server 3062, out erInszrarimee piith i mefesed3@btiodimenp ofiedie poasent ihviitiomthergasrent uni t
3164 and . ridael/router 3066 P.tele ny.server ves to
provi de térf’!é@%o%eéog’grr ke (?s s%p 3?32‘11%%&“0?3 ?‘Eﬂﬁ‘é‘%/teop SHES %glg%teggé% to the
net wor k 3a@Gtingbrbagoppowente at lead\somernd spidrplutali§Gof nodes vib the-ubeR0E) ar@-thaini t
3164, whi IS Cli ] I tall. i | ow, provides
adm ni st r‘g’?}n&/@lcgﬁ% %ig&gr%(’hn%ﬂd;gé%e‘ﬂ‘t% t?tilr?@p ?%ﬁglnpger% all the power over LAN
enabl ed devi ces i ninttheiliverams émbolimeot of Bial 170 websysieny 2030 isdadstadewdthitl t h t he
data comypircRbi ) asi ' 116 805 £ iRa &pém‘in' . The
conbi ned power/zdat a sgglgg% dl E°‘?"r’gs§§ﬂ?4f?t ed oyer@g@%%\%gérg@rlgi& cab ?ﬁ{g e.g.)
Category tBckup, posver r\vasiand LAY, nodks vie the cemmenicatipt icabling sPheogoramusiioationar
cabl i ng SGLBRHAfnecht MEAMQLACIHIRHACKa b RBMbibEEI36 0 hel VAol LANGl4SERRY L € the
data fromthe power. The data signal is input to the network port on the
devi ce arf@mbiner equples eleptairal power frpm thepovert HIPpl 20D Alopg ithepeAmmwNigEet or on

the devi c@bling to! 2 Idaft Sok SF e IEAN GOBAI BRIl ondl REVNETHlRIALGRAROMEANCI FCcui try
is inplenmented as a standal one external power/data conbiner unit 3168.

Al t er nat i SPEFY 2036 passahcough ibg combiner 2034t bgamiliinwithayhinterferes®- i s i npl enent ed

together with a nemweidfdRbCwWRINE pRifid @mbaditieRt &Tthé PederfindBfiohShaelised to as
an i ntegrated power/data conbiner hub/swtch 307Z, 3090. Sim/larly, in one

enbodi merffovideddn B0l g pewerapanagoment &sontrql LBk RPBathidsmenitor s LPHHE ext er nal

pover / datife pitber tshsilied! BY Lubdysaln 280t BItRALANGRS YIAN hode$ viathe Sb@mBaicdtibho a
networ k deyv| ce_such as 1P tel ephone 3102. g\het her or not the power/data

p
cor nbi nerC@‘%GgiﬁﬁﬂwﬂoWé?%&af'ﬁ & fioptrelepnits 288 preferabhy, cm@Hpiste @ # ext er nal
st andal onganbigdnienOWorRhtREB4E Grifethifly FiaCLAR & LAWAN Mankfi@hednt Wenghtignal ity is
simlar. The power/data conbiner 3168 functions to superinpose a | ow
frequency power signal onto the high frequency, |ow power data
communi cations signal. The IOM/frequéﬁcy power signal may have a frequency,
for exanple, fromDC up to conventional power utility frequencies, i.e.) 50
or 60 Hz. The power/data splitter 3156 functions to separate the | ow
frequency power signal fromthe high frequency, |ow power data
comuni cation signal. ,: Various alternative enbodi nents of the power over
LAN system are shown in Figures 26A and 26B. Not alt the network el enents
are power over LAN enabled. Not all the devices are power over LAN enabl ed.
Conventional non-power over LAN network devices may be included in the sane
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power the LAN cabling is able to carry in terns of safety and cost{ 1—A“§"?003
The power over LAN system conprises systens and subsystens that can_ be"

integrated together at any network level, i.e., fromthe network

el enent/ devi ce | evel through the network hub and backbone switch | evel. The

power over LAN system can be added onto a conventional LAN installation or

can be int eq{?ﬁt.ed into tgz networ k el enents thensel ves, e.g., hubs,

swi t ches, rout et SPETBTYey GErderabiintpden g, Coptre. of g rrperfort lResoy e B PeFdieR o e

el ectrical powemahigemedthe cizolmiizosecept acl es and sone recei ve power over

the LAN cabling infr structure.d 'q_jle LAN bridge/router 3066 recei ves AC nmain

power via el ectrical “plPudPPSGEEY 1Pk 8WNERSPRTE QP A EeioP ot BaY £°VEBRBE ner

hub/ swi t ch &@ffomnfimalvipleepiveo rahagkAbht [fubdmir tfil 2938 6The Ib2Br mawgahate 8AC nai n

power via e rj | ugs, 3074, 3108).3130, ectively. Exter
pover / dat a Jé)gtg [idﬁlg?zbanﬂag ﬁ%éorf’%%‘gfa\?ee%’“%S%"r‘“ ;sgﬁﬂ“{ﬂﬁs"%l%% iW1£X/ﬁi2§% 5%
turn, is conmeadngeatderddCANmiessageWethe ubdes lesby to goabm fHelt guiddni Ghodé oitpegleat ed

power / dat a conbi it C 90 ceive gver the LAN cabling via
Gabi ¢ 3055, " ot ecit, Bl ardotient & Bk ST BP OBl PP “erti 7 BSRReLr 0t o
t he LAN br i ity are decoded30 86 hANanales arid] aee S0 Gyet] hptomtmilers esthe nkopitgyatf FigsNet wor k
devi ces conp i kheclude LP te ones 3076, 3080.
P tel ephoneg%$% Fog cé@ﬁ)%l@%%é?@gx;ﬁgoc%%l ﬁxe“d‘mﬁ%ﬁ%r‘?pd%‘?%e%gg%’fa‘ 3086 and

i ntegrates a power/ datoae sprcific tcese, whanithapavhee nphagement| & corttel eph2038 s8B80 i s
connected 4R iR YeGe R lg ' Q/8 via,.se t .cabl e
3082 and power ::_a)tgloe 3‘?)’8"410%}8 i?ﬁ{g{: ?\gx)/gzr}ck ﬁlé)!t[ tg%z%lﬁ%t“éga%ée%ﬁ%%%gln'ﬁeé’g%éﬁmto t he
hub/ swi t ch 12@¥switgh2034 Eneruee tBO Yariouh hANCmdes topbratetin pberknp @n cedued @owBevi ces
coupl ed tofjge i ntegrated power/data conbiner hub/swi tch 3090 include
portabl e conputer 3096 and | P tel ephone 3102. The portabl e conputer 3096 is
connected to an ext df faieepBineine gammusipation cablipg Jrpny the hub 24P ¢o Be desktdpat

carries onIcymﬁlﬂéraaoam,dfaes_iméf\ﬁach%ﬁ;bicﬁs%Q@%omﬁh@r RRVCLAHEbEHS Rt IddSacRPO4 1S
connected to the hub/switch 3090 via a cable 3092 that carnes both power

and data. PPY¥eVRiR{BHermmuncation cablingFarnthe byb 201840 the hoh eupery 2314 @ad EANS hot h

power and edpRorib1g REGG BHE Tard a&pwﬁqgggg&%httﬁééoam&ﬂaﬂp& %u@@lﬁeﬁ- Not e

85 11 ~~.i~ ~~~~ that the hub/sw tch O conprises an interna

power / dat a@b@? {Quthe segver 2027 carries Rl daBniiafepically AN amsngement cpestracted gidal  and

el ectri cal opeaive ibdcdtaince SRR b pRErel SMbAMMAAR VF the Pre3y Rveri@AVeNnt i onal  LAN
hub/ swi tch 3106 is (ionnect ed to the brjidge/router 30 via a ca

3 66 cabl e
connection 3134 and 't 3RerefaGR thag ieachetfahe LA nodss 29131 3820, Netichorereiidvi ces
connect ed powdr hwehthe/ ovintualtarbhdéabiing lintliRied B JepirABP @ SsepkditngaiRel efbogiciIopP
conputers 301 |%,° 3{},2§.t T@e 1.5 te‘?ﬁpgﬁn‘? S c%nnect e% to the hub/swi tch 3106
via a cabl BT P8 PR 4ptacln thy Hustgied erbadiment of Fig, 1864, 16 ienaraors 26 taied'yc al
pl ug 3114. inResktohe resppative nades AAd are JibR deparatiyCduaiantd & Bong hprdelabdanact ch
3106 via d nlycables 31 16, 3122) respectively, and to AC power via
el ectri cal Q’%ﬁ‘ﬁg‘?‘%i‘%ﬁteéﬁ?ﬁ’@f"“r'ﬁ%ypb&cﬂpz%ﬁ‘g. A data conmuni cations only cable
3132 connects the biti islgegartidulbe feafdO6 6 the eiibedidsitediNEy, WAWEHat Héath aladibi ner
unit 31 68. co ications only cable 3 i66 connects the pawer/data
conbi ner u%‘f‘){esj%feggnfgg'gg‘%ﬂ?ﬁémsitegﬁ&?%[%{fhub/connect ed to AC power via
e: ect lri cal ]Pl ug 3130. idsTmrqaimervhdam: aoAbillgratddNode &ﬁlgﬁiix't@dtca‘nmesqitad 2;232
plurality . . devi ces conpri,sing,a network ready videg cangera :
| P tel epho rgv@%.\ég&g—i%Qolg?{dmd%grgp&ﬁé\!: Sﬁ%ﬁt g %B%.an act?\ﬁ’"ﬂ‘g]f%?'k WeEce
connect ed ¢wnacheg pewkart thavaioso IAN) eodesinAtotBdr Gntodieneat ob ar sseanstovidindat a
conmuni cat J Fon. fromthe power/dat.a c i ner_ uni 68 to
Che hubl oo R BRlel o SRAAEAN Rllicl LRT AR B P ERirichlh FRITRE ettt bneusl ©°
communi cat foongeussh A aodesr i dbistvaet! ovEg. k. Fig aldAeillBdBiRs ar lecy asaeasktwérkough,

i.e.) bri : data cable 3166. |n, the event ower
failure, ﬁg%d\;% £B§\ﬁé§%‘%n%%/“é r#al(%%ﬁ%egiu,&ﬂl oﬁgrl%?vsevxtnotp(rfhwdf tchF%o;)” ﬁggos@)aﬁand t he
dat a conmataggtwasknadesjonalr sonamenication ealllig. rect |y to t he network devices
connected to the power/data conbiner unit 3168. The network ready video
canera 3136 is connected to the power/gata conbiner 3168 via a cable 3 i38
that carries both data and power. |IP tel ephone 3142 is t connected to an
external powerldata splitter 3140 via separate data cable 3144 and power
cabl e 3146. The power/data splitter 3 i40 is connected to the povver/data
conmbiner unit 3168 via a conbined power/data cable 3148. Simlarly, IP

tel ephone 31S8 is connected to an external power/data spiitter 3156 via
separate data cable 3162 and power cable 3160. The powerldata splitter 3156
is connected to the power/data via a conmbi ned power/data cabl e 3154.
Deskt op conmputer 31 SO is connected to the power/data conbiner unit 3168
via a data comruni cations only cable 3 iS2 and to AC power via electrical

R S ——



As descri bed above, the network 3060 can be adapted to provide bac‘kwgh 20
el ectrical power in the event of a power failure. One or nore UPS units can
be placed strategically in the network 3060 to provide power to critical

net wor k devi ces that nust be 86 ~ ~ ~au~-~o0~~ powered even in the event
of a power failure. Exanples include 1P tel ephones, networked security
devices, wireless L AN devices incorporating transmtters and receivers,
etc. In the exarrpl e Refemacdishvaw hﬁdf&@ﬂ@esoﬁ%@m& 26hplifiddebibbk Saphaint 3171
i S connect eﬂu il povver via el ectrical Bif’ g 3170 an provi de ower to
external powel g2 rfﬁ & STBITHBICaRA (PeuUE!g InCRAnE  RORET FEPY "ﬁdra?“f‘g b OUBS units
can be pl ac@dcniunicatiens nedblvog keomsel/ctdRS ail Therative e a’ﬁdﬁﬁﬁn&d vith U pRdfatred

el ectrical an one power/ data conbi ner device. It is

i nport ant te%%\ég eekf%#mepdese ek hg backup el ectrical power, i.e., power
from an uni nterrupt abs @epqn/\%g BButher,is proddadaa lbaNaxpmnaWSrki(nANheomisuugr k via

network el enanpOREMIEE s ol By CRhe Sioskit) ¥ S B SETOLRS T BRI Lps™
power di st raf BN aedesabth arp é@b@@mmm@a@%utwdmeea@aﬁﬁ 2 ftdsionilei machibei t i on
power 15 sLogt Y RepBGl RSl biiS KRBk a0 R Yoyl s B 7
require it.20¥hi ch power over LAN enabl ed network devices are to receive
Bonbi ner uni t bef or ahand an LAy a aimediBth i bl (AP LR
managenent PRRYided i pewsrotupply WWWW@W&N&’@MMP%W t@ peidgodinlesst same o t he
LAN WAN baghétane o3 8&4up b&wér?o Atrgaarsmawafa pRdiRy b RkesRidARL Ry Oizo% aﬁm system

of the present invention is he safety requirements and cost
net.wor k teFﬂ‘f’WH’P’“é’éfBF‘f%‘ﬁﬁﬁo'@aﬁﬁmﬁé‘er}@ﬂweﬂo%lﬁé\bﬂ@%ctr| cal power |s

distributed as | ow \mkﬁcam@ssra@u%hb&dlﬁ.ekapignfz@@%ﬁg&wﬁso sNoddng wamg of I P
P t el ephone to have a

t el ephony ovi dj wer over the LAN permts theé

sour ce of E}Fﬁ Rk %qﬁad"ﬂgd{b‘f les, gyRopvey lﬁgtplyagos&‘m'%{?vpléﬁ%ﬂ%@ﬂ@ae@ﬂef t@8f48phones
connect ed bk poweSd NafisysaYAN Q\d@éé vid BiR tﬁhﬁﬁﬁl’é&t%'mﬂ&‘gefhedéo?ﬁtﬁﬁr@é&@ld over

t he LAN can blﬂe del i ver i th as DC or |low freq uen@ééAC vol t ages.

ei t her cas&° 'PhHEOWEN 5 LA Bt &6\%‘% vigy g SPWEHEPRIANIS ¢S 2096 £Q e orf=ré<>ue1<§é‘é§*I ot
i ntt:) Ier fere mdl:n 'ﬁa});mweﬂmpply mtﬂaa;;&oﬁu@rhhwcﬁmlmwuepmrtrypéw@gsagplga\zzegz the LAN
cabling ar ept bel o an e cu s Li order to
mai nt ai n cgl b‘fq"f'?‘ﬂ?“iﬂf casbg?%f‘i/ats@?ﬁd%?jg §‘°9ﬂ_n§f51§3@’°3ﬂdéaéﬂ 60950.
Not e al so cmanumd:aaom fomr L AN switpio@es4 gab ItMﬁtﬁgﬁdthS\{ﬁWed_Ainlg)abietfH@ 2@8s, be
transmtteglblsltgmgﬂ wqgug re spare pairs in the cable. Ethernet

Juire "ﬁgg

communi catTons re H°F% (4 conductors) to inplement. If the cabling
plant is EIATIA 56&ﬁacrcondm'e ivhihe ;a-aiﬁmdm:hhmdﬁ&mélofaat piRsent in@dhtidn,phereds r emai n

unused. Th an be trans one or_two of the
unused. pal ong l'{%lﬁ%%ogas (r:h H'a Qm?nt gL tfon luP g %}S ‘X%%b‘“%‘gﬁ" arng cRx(t)t{ols
nﬁ% essari | thepowecshpplied byi sub&ystemrﬂoé@ta dln varirohs 0¥ aades o2 tbé cquomevicatians be
| enent e rd i 0

pair, theng‘ltbhxi,)’g7 e @“lsega%%%emy% lpty |&s C‘Eﬁt}g{]r%?xg%? %E‘Jiraﬁ)df onem‘"%?:%%s Wn¥ {
avai | abl e wa'iasgment wogkstatioth 2090¢ preferablyaviala tmahema WAN. rMamgeR@ewemtwrs now
made to Fi %9023 F}S\é}htﬁ@ btjel’e%érr %@tsthg u?nllt%? |6f‘ 9}1 % 20 Qct HES, | rqa&ﬁof
conbi neer unit placing el ectrical power o o the®d a communi cat i ons
i nf r ast r uckQyree mamegement & ¢dpwel upit @08%usl y, the poweer/ dat a conbi neui yer
functions, whet her '%{SRE I i egr at ed
with a netvvork el errgnt nc %?ot?@ ?gm% Efeﬁgkvgn e glgtzre?kgé‘#g gv\‘/’e%Jn sffl;%nal and
a data corfagrtiemof mHisipl pewat meragementndacastiplinite 80880 Wbe mmtmnagmt & The
descr i pti Qbaldianil20bk A5 o5 @%nﬁn&ﬁca@(&ﬂ[]&ﬁbusﬁ@mg o8RIvE ERVRUACE 268 B

I es wel |

illustrative exanple owever at t escription ap

to the i ntlﬁ@?‘éﬁ!‘éaa@qﬂMM%saserﬁethpwkmhﬂdmta gemmbmn@fremgev&rc&lppyer

ref erence i V. f ng and
protecti oﬂlsmdr gﬁ?ﬁ §'@ [éggbéézm%%%éng%%&n@&gufgfdggdﬁ 2{3‘\/ Sgg%&r"gﬁl enkés%?%% The
line interface circuitry 3181 conprlses a plurality of input ports 3190 and
out put ports 3188 and provided voltagé i sol ati on between all inputs and

out puts. The input ports 3190 receive data only signals froma hub or
switch. The output ports 3188 output a conbi ned data plus power signal to
connected power over LAN enabl ed devices, e.g., power/data splitters or
integrated network elenments. ... .~ The power/dzhata conbiner unit 3180 is
connected to a conventional LAN 10/100/1000 Base T hub or switch via the
data in ports 3 190. Note that although eight data in ports are shown) the
power / dat a

ca

f
F




~ 1 Ald G 2el3 renotely powered network devices connected downstrea 10‘@\ % i3
unit 318d. The power supply 3184 is preferably constructed to support the
wor st case energy, i.e., maximum required by a channel multiplied by the
nunber of channels. Alternatively, the power supply 3184 is constructed to
support a | esser anount of power assuming there exists an a priori
prediction of gower consunption by all channels. The filter and protection
circuit 31 8hichaerdeeoded stahploplinpdesiaed 4rp g!hplb}’equxyenmyoudat]athe@mm EfFHidsons
signal to pB&S&UﬁBﬂ'&rQ:BﬁWL@éjwﬁé?&r‘ﬁfli%'?ﬁ%gl%rgc 1¥na {ngn rovrlayatthérgatom put. The
circuit 3182 preventf t he I ow i npedance out put he ' power Supply from
attenuating the dat al®cBisrae c"a‘taﬁ’?ar’f@e%ihﬁrﬁa‘fvefa?@dgqmee&/&rvpetthMmGﬁSGettsmns
signals on tbﬂenﬂﬁbaﬁmt td &ﬁ@r's@ﬁ)‘@ P2 iNEQ aaBQBIQex't nfa % 4 coftBy rtngﬁgaég(é\%gmn

power supply OS , prevents crosst al he circuit a
functions t |5th‘§‘r2 fido ﬁ?”@‘ﬁ”ter BHRHE Ay rquth@pamr in @i baekup oo chdoeed poyrer

SWi t chi ng powier suppl ies and to provide a high output inpedance fromthe
power supply far h, frequencr es. Further functions of the filter and
protection circuit % t jsgseer diah Hheseommupicationfabling frasehe hub 0BQils! the tdeskimpc h

channel i n campwedz06eefavdiinlle mabkigs 25e8raal rtsﬁtptzevﬁivo GHIck S8tk &F.”aﬁtdr&a&gr each
Wre pair, mni mﬂgetﬁnd maxi. mym &#’Lrent t hreshol.d reference [ evel

pawer. ¢ CqQUEmwHeAtion eabling frosm the b 2068 t¢ the Aub Famepa 2964 eshidt i ng

unbal anced P8 e tr
and di sconmeephbmy2068 \emties both rdé)tmaﬁdiﬁﬂibrﬁffﬁg@ﬂﬁér andlife BOnRhREDiGEhb IR frSH M

current th [ fer | evel Qr controlled via a
nmanagenent E‘%ﬁﬁ? t%gﬁgn 9%?‘1 "t“'??eonﬁ'rfga eW‘é{fﬁ)f’éSiA%&T%ﬁP?ngﬁ?‘&WW ¢ the
system An Opmwtlrawt:orﬂmewltbla pedferich embaodifetit bf tBd BrésdnSintdi@ibn.i t W | |

di sconnect a shorted or. ot her such that other operational .
channel s are pot ef tlétagarecwgn‘@agﬁfﬁ%o?g%? %B" e #9410 1207% Miishargerings

functi ons pP@verdesenithst eommnnicmmntafabllmgt hechaipe aatdnaéetdt fdrhﬁ g?ofg}gm,ggw thin
t he power/ 8 rovide t telenetr ctions to an
ext er nal rrgg{atg%a? g@ér i %&a q‘f’ Fé]e !li(:%{dl ] ‘T"ettpg‘f‘lfﬁtc?% 19% @6r?ﬁ¥mF‘€’ét"é°w th a
managenent tyaispily @éﬁnﬁécttoedteeresxb'eemel m:da!: layid Qitre rnemé;ﬁfayelyldaszgda&dnegt BERK. The
control | er ;e on of the being distributed to
each channaeple’ cetéﬁglra??%h%? i %rﬁgis‘rt'r%tg eCt%rtna fyee?@@&?«{l ng such as reporting on
t he power consumed Bys aemlhputahamweéqft@rﬂ]nbo&mameifﬁﬁlwmﬂﬁﬁdamw;daﬁweffmI ures
W thin t hecapquaRh/sthataf taady .t he rated enbodi nent,

t he power/data cgnbr ner umctgﬁéeuﬁgislog%atgﬁ&%rﬁmum&n 't"aat%ﬁ‘e into a
conventional LAN coliriécapprecigted this Bg. 308 tlﬁlmrates @n¢ ebbodib26t of ale@RnBaser .
The inter &4 i P wer & fi su t he creased

| oad of t@‘r:org\rr?e hub ll;Ho eergt lt‘c}ﬁl gﬁ@ hﬁé%rmt @gp%%ier ,?,R, ﬂcﬁ‘ﬁnfﬁhé’tﬁ ons. A
li ne i nt er®PARSRG the flup ﬁOSVQf'ﬁgseLt‘\éTdﬂ@ett visethet lembaditpatt of‘pa.)rsystmnqbrctvhﬁgr nt er nal
net wor ki n@ldetricqaiver tf pRfal T

filtering and cggg tectpr oan Ci rtéﬁdi?st. ‘rlkQ|h§tga&i;o@&ug&gc[%ﬁ%?bhntg]com]emjheg the?erface -
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reduce overall system cost, reduce the space require educes

conpl exi t P BFEPITEK Bodes Ryekcommunisation caklifgi r e, however, nodification of a -
conventianal hub orln $h¥ illGdratch Rm8bdib&s: of PR ?M%r&ﬂ}re Bbndl ALE ngf(ﬁ)t&gs not

enbodi nent dedt hel data being received by the power/data conbi ner
bi di r ect i SHAIt PEHEEE ARG fe¥EmtRacAMEKBiFAten Sahling apd # trowsorsupgiposndi ng

channel omapagemefﬁhebspamrm@lsu&a&et&dmhrm&rﬁﬁ@ho&% mfthde%t@ R@fﬂ& The
anount of ‘pvg r allotted to each ‘output channel can
i ndependenﬁ% ‘Ich ?St PREFALING RETETAIE/BT Packpmpovear tp yariaisfLAN opdsstwitithagai nst

short ci rcmnmumeuﬂzomaﬁrdr;%adiv&&@dbbh&ﬁtﬁnaé%ﬂr@ﬁt@éoutrbfbxﬁt%??Ct' on with the
ext ernal power/ dat i ner e Er ment, two additional LAN ports can

optional ly be pr ov%d%‘éom'ﬂ‘ﬁ‘"faﬂﬁ’h?a ANFORBETES 2N st R 1364 of Egentiongldeb can be
provi ded AHértelyombifidr2936aArpFer KPEY add Mihagd

t oget her. The conventi onal pﬁﬁt o?ﬁgw tch %sﬂ?egd%s%q{%éﬂgﬁfﬁﬁl %Aﬁ out put
port. The input LAN port is connected éo t he upstream network device, e.g.,
hub or switch. In the event of a powe? failure, the power/data conbiner
unit disconnects the input and output LAN ports and directs the data
comuni cations fromthe input LAN port directly to one ar nore output
channel s. Thus, both data and power continuity are provided in the event

t he upstream data hub or switch is not operational. ' Reference is now nade
to Fig. 28 which illustrates a bl ock diagram of a power/data splitter unit
for separating electrical power fromthe data comrunications
infrastructure. As described previously, the power/data splitter functions
to accept a LAN channel at |ts |nput that carrr es both power and data
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90 1 1 ~a''~ ~~~3 The power/data sslitter, generally refer enced1312d‘df!ﬁ 2003
conprises Sine interface circuitry 3202, filtering and protection circuitry
3206, a power converter 3208 and a controller 3204. The splitter 3200 is
normal Iy connected between the LAN wall outlet receptacle, for exanple, and
t he network device. Functionally, the power/data splitter 3200 bl ocks high
frequency signals from passing through to the power output by presenting a
hi gh |rrpedan g to F h frequencies, allows |ow frequency and DC power

signal s t o®BR¥E %u‘ﬁf?”éhgl\'b'l%‘é%(gh%&?faﬂﬁtﬁ26?16 e QW‘:‘f‘F?’éd’G}é{chg/O’hé‘?ese from
t he power WWWPEJEV"IBHQWHgtﬂ& tdendahrorcbannelo at bRt kéceof it @AM GSdegi rcui try

only out puten e EkDetu BRR narbhANGHaeh 2 B giesiiiosdh £ Bolar Habput por

3214. The substaptialhytveittoacietedfereeeli try 3202 receives the signal froma LAN
channel and provid fi g undi st ur bed _
bi di recti onal tranglsﬁgr 09%11119 e u8cy c%ﬁwﬁﬂf@gﬁ g]h ‘?rﬁfﬁ?f KRR {575 Bat a pl us
power i nputroviled tin 3oWE supply iamd uhart@emait yutsspttan 2 1 0 pdwdr. manag’i:ﬁrbﬁt &Tdoetrdli | t eri ng
and prote C V, | ow ri n the data
pl us pom%gtgggtaﬂl&ykgé}éoigéqgo he [Ih% uterost’m? ég’bsuw?r&éno%\%g? h”fé‘tré. The
power conver eedegZ@8hacopubcatitng cablingadbe erveravinageniano ¢dngol i Z3annel and
anct ] onS gty Q8 o BEE R Y ARBRon IE AN gomver o
vol t age e #lcted fromthe LAN channel . The power converter can be adapted
to generate any numa%eqtenwﬁt&gsﬁ 214b 1§‘5ﬁ&5 (')}ﬁ?f x‘%rg*?m&é? Jb‘ﬁﬁblf fGan
requi renents of the ne evice attac Re power ata splitter
3200. The RGPS &1 goxpm Sregperatian of apyer rmne@qmmweaontm Heit 2bﬁslttsoapatfﬁlmeﬁl st er
and cont r ggat tah%aﬁ%‘%ﬁt@}it' %rl@tfatxc;nh%@d)m?rlgweﬁt e k)&aﬁ(ﬁe P RURfipIe dpGwesPT I Lt er
e

3200 and to provi telemetry functions™to an external managerre t entity.

The cont r Fpagement feequisplanity? 183 asd mavcaisoazonprn he operatinart muktipliiibe 28 ¥nnect ed

ei ther locally or rneima&ealtyat\th@cotmnrte&dmammgqr&ﬁrm&mu 2108 to feht@dskiBp S
i ncl ude stat us (rgﬁrin)grtrng such as_reporting on ower consuned by each

channel , |fagsigiife fpaching gLl snd qommuiss éywwﬁswm datp, 3o PAckHP o
splitter ptn&e | vhileltie dohﬂmhiaitﬁ:g cafliag fremRoiuBR0 tolthehuB QuMEA A1 PandIlAN t er

functiona conventr on |l network device, e.qg., 1P or
LAN t el epmﬁ%"m%& 4]&%’19";}’8% %E'g & CABIBF OB PIEE 4 i 11 ed
t 0 recei vehettok 2100 Iﬂ&dsepr&V\l&ﬂiZdad:'ﬁesS¢rﬂbnahta a'ﬁhlenaﬁyt aﬁtdadfed dof\Magothtoughhd power

port are [ th C i ned data plus A line interface
circuit i suei\’rpyr?fs%er?wgI Pet %Biﬁﬁ@?in iaﬁﬂfﬁemﬁgtr ?°"§H"8V‘\’$ H“@Q °ﬁ?rétr‘ G ASIABR dat a
and power witina pefetred bmbcaiﬂnﬁntbfbhnprédaa iidehtie i ng and pr otection circuitry is

added to couple th i a ry t
This.integrated e nothl rﬁap §’Pv (Pm?rg fg tlét\‘wgrog w g@?t )“lg%duce 91
1 1 /~, ~Which regeites polver is prvided wqhmrr e»deraaide;ramhtd‘essephamgahqaﬁexﬁbm thé t he
net wor k. V, L_con l..n rk
de \)I ce | %l&&%ﬁg&&é%#%v\?éﬁg C({HH’R mriall LAb?ng Olfhe X cma%/geptara? l‘? EI.SS (;e %t%\@
const r uct Wih pepgstivededdes/ 211 -a3120 diesdesipinted bbnfeﬂm:tmr tefmtsu numgers B&42 each
network p out put
pover | e Ry nAdGeayEl bl 8 aaRH R e R LAURE o Sl Tk Tl WP
bot t | enefwRts. zlt\/@rappm@atdrbﬂat soaeverr dl efitdie mdﬂscllﬂbro”ém ey mﬁem@ﬁvebpbel al
cabling thigkiddsswii et ARG Ga SATTRL &AN b1k Hokal 1995, 2" gﬁr,e the
equi pnent used to inple suc a power networ nmost

. exceedPYidedwidyaremabsepargorier speci fi cati ons of standard networ k| ng
equi pment_cabi net s, Qc@tﬁ?thgﬁﬁ'agcﬂ 6h o 'OAR SHAGHARHES R&Qﬁahow thehes,
routers and various types of network managenment units, resu In a
failure tefessetdpyetiems eseétbwheepuwbrremablemvefzeweh as, for%alpldwlfQiﬂﬁéil’MN system
of the pres@vpoiRY eRirb@dy WBMink lshdéd QiehindsNfag ﬁ%”ﬁhés&!@éklex@”c@frvt bfndener
network, the statistical patterns that |ndicate the expected power
consunpt i ﬁW“cFﬁ’i“‘Pﬁg dqor gntyy $§BSOFFRACCRIS CRSTAk UBifFe laBtoP SAMpYHEr Sdtﬂ“i"%{j EE) enSer gency
operation in the event of a building power failure. The nanagenent unit
3164 (Figure 26A) conprises softwaresphat nmay execute on any PC or server
connected to the network. The managenent unit functions to conmunicate
telenetry and control information to the power over LAN conponents, e.g.,
power/data conbi ners and sputters, distributed throughout the network. The
data communi cations network itself transports the data nmessages between the
power over LAN enabl ed devices and the managenent unit. The managenent unit
provi-des nonitoring and provisioning functions. The provisioning function
al l ocates the avail abl e power resources, in an anal ogous manner to network
data traffic being managed, and serves to configure the




t power path across the network from source to sink. A network 11 AU6 2003
admnistrator is able to determ ne the systens nethod far handling those
network ports that indicate no-Load) overload or current | eakage to earth
ground. The power to a faulty port can be shut down or limted to a desired
val ue. Recovery froma shut down state can be automatic based on.port
condition or can be done nmanual ly. Each port can be configured individually
in accor dancechvias Bulssy Si@ohes OndProGRRA| IndAli@s i A8 mdALS dhah &ASMPwerdat a
conbi ner canoggtgonstructed to be nmanaged i ndependently or via external
control . Each POw&rs data conbi ner may conprise a dedi cated LAN data

connection or it may [ocarpilisates @mbadimparadiFig!l : B o/aMntishdl sz 150 RedldWOr k
host systenb,toggg)e]'crgliéa rn transfﬁrs telenetry ag d control data to the

network LAN |POWer over 4fiq CompUNigaNon cabfing, apd)i § AOWET SRt adi | ur e,
certain net werdgementisuizystem 1 8 dscated egtemaliubiShubr208¢ @idSinclidel d@6wer &pPpil ches,
etc., may n assed in order, to maintain data and. power
continuity g%?w‘gﬁéﬁlpguﬁ%ﬁ%caqm%g% 1 ar?glﬁég‘imkf‘%PWﬁéP é’aré‘f‘rﬂ%d&/f‘ § viariie

el ectrical pwweynidehian cabSngasppdiliaed pbyerananigealest & as@e! JoAAN18hannel shoul d, in

nost cases, be suffi gi .oper t he j or 1.ty of twor k devices. This
LAN channel, however ?hgé?%’%'g%ql?gﬁ%ltbgn%%}m%g ﬂﬁ#’%ﬁfé&éﬁf‘@?wmﬂ?&aﬁi‘%y y
operate a ndlsfigd a peweroniplhinte Beei 2186 ingrotendubplphnd inSnag@uie SibeyiteRt2 180 lakd

devi ces. | n.@afdidi tiN i r ically useless unle t hey receive
both power and g%gg%%mmﬁ?@\étvlg%%giﬁ 'H‘;igs‘ gﬁﬁBXYTrﬁ@p?W5%5ﬁé§6 STt AN
system of t¥estrisplepawar fromy thetrovsmr fupplyt3187 siong tinpéontrainiatidnecablimntoodt least

el ectrical Ppwer whdadag (mﬁm@ ' Lo the. event -ofy,a fai e. _The LAN
node units, i.e., hubs, <5;hvevlg.t C es{f&%% ga;g%%?@“'%‘g%ﬁ% EE‘ elvﬁlh\(lzé‘glt%\l\ﬁ%‘hpaf% a
reduced pov&@‘i"’-‘@ﬁ@? BeWeTguRThitiaterfenei2A 86, isulistantiatiy withomtintérfardnae.es. When a devi ce
is in a reduced povwep RRsLAL REh FLPRT.YIQ P =Y ce i.ts data

handl i ng bandw dt_h artlldl or procesg}ﬁgcgerg!gtﬁn%{hhg? %*}r}g‘{%'ré%gy%‘ﬁ?’?‘a : eer\7vlsports
active and PEpieddBwAWER wippiy fad manegepontt wbiysemr2i80 powerrmahagament & congohl |
power Ccons iRl g whith Honitéts Bl dof Libud
plurality Qf critical nglt vv?)r k el g%%ﬁ??gggr @%gﬁﬁg%s%geﬁg%@ t;g)#pe{)‘%ﬁégs I t
will be apﬁ‘r"‘é{ f‘%ﬁeéd‘ab‘}‘e [SemBERigationy F4bling. i The towemmanagéragnt 1&h controbemin 2183

i nventi on ipseféstily todinhMeatiywithain PR Qb RBhibi cri bed
her ei nabov ther the scople of a?%gmpr esént li }rll\%g\o't?%%ﬂl c%gxﬁﬁg’?%

conbi nati o rid sub-conbi nations of various features described

her ei nabove as wel | Menag@gkinf Wbt 1803 \%aﬁﬂi@ pieREbiy\f&%he YWhkehomiu! d
occur to persons skllleﬁi in the fart and ich are not in the prior art. 93

~6 | ~~u CPRUEOCIgNRT fhe opeatiompf powemmpResRik cconieliuait REE3. & iptrpresiatedy of

focal ar eatnetavmakageamaes wotkstaidh 200 Ghiy @oReyahe Sc%‘bgﬂa{iéh e bayibR Mpowérd ,
comuni cat i on. abl inng connec 1’9 ‘iald lurality of nodes to said switch via.
gq? 8 8.'1

the power SHmsFUe g, gPQ‘fﬁ“f PryrrrBtrsmiheonertion ofmyltnly bs@13bwer
tsEEpl y s:Jbsyfst em i nctit isd;'bftgtlh& tﬁ?%ﬁﬁmﬂiﬁ@ﬁ&fﬁﬁﬂh %Qxl ﬁf"ﬂﬁﬁ leSloutBitlhe desRpN| tng. .

-~ suppl y at. | east s 0 e plurality of local area networ
nodes via t ‘ﬁnépugegvnﬁﬁé%ifg%fﬂ"lfnm%‘%w |2ﬂg§ a%L&?‘EH“FF’ 79 cyoFebotl dpp 1 apd daPst em i s
operative povsippleyhgmwatunicatidatcabligForAHehd 2150 @ horad caeRD 18LAMOLANNOdES
via the CO{HEBHA&%&Q Ba u?‘sbtl;olthngatg Xn%ropvgragh?g 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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pairs wthin the cabling not used for data comruni cation, said poméﬂsf\ih?plgmg;
subsyst em bei ng operative to couple power into the communication cabling
substantially without interfering with data comuni cati on and i ncl udi ng
current limting circuitry controlling current delivered into the

communi cation cabling, wherein said power managenent and control unit is
operative to interrogate at | east one node to which it is intended to

transmt pewREveRHes! 182 COITHY Qe Ei.hrga@edc@bllegﬂggi\je r?efngérgc%rnu%lgerdgb%r-rgle . whet her
t he node' cE\ar cteristics allow IT to receive power over t g “communi cat i on
cabl i ng. 25%°ASHBIRBIRIOABEGr @mmynicetian caplipg inanhandekmraseadatk apd pevembutpitsti t i ng

circuitry I8 appeciattd st Sotelr QY bk@e Aode 5842 -CUPE BAY allehdllider) SVELvidMWRD 1S
never exceeded, and a se&ond curreent el imt Ievelgl)t z\‘/\khﬁh eles@e O%V‘&eé{g'(\:vgtgded f or

mor e t han "SUFLEREPEHOR Rad thek sorrionpll of He nodes WA} kanbe ratided) #ith cl ai m 2

wher ei n t hkegtermt ennegati on of at | east one node includes neasuring the
onnected 94 11als ~2~~~to a

vol t age across the comuni cati on.r%ﬁgl i n? & ) )

node which is bei ngﬁ ISHPRFSF BG4 hal inAda iR futha ANpdesistoribed bamdinahesssilie ed

vol t age i prasert friventionps ekl iwtthchng am@esuitdble AodaSEubR bK R Afd Rirele® 1A M 3

wher ein aagé%gse%gi&rs whi ch the nmeasured. vol tagae,i S, Wthin the predeterm ned
e .

range i s nar TS SNPBHSY SLIE YRR Rentss Paginenlopdipsakers o iAo cl ai m 2
wher ei n t alarth s¢nsens,odpat ientry @hsods, atce@Sdonted) @init) tptob MRS reBRIEERGst he

vol t age agf Qs é nication cabling connected to a node which is being
i nt er r ogat ecg gsr_\ &get%g’%ﬁi%’g Wt&shﬁn"??{g ﬁ?ga’gﬁ‘?o&l %9 dtpits dxcBeyiandy
pr edet er mMeekgtatienseshol d. 6. A network according to claim5 wherein a node
for which the mas%%q%l-gggg %5 i,d_predeterm giqheholdis
marked as _an external VOl t age f"?éggg & SI?A’ Kﬂﬁgt'ﬁ\ﬂrskm%{g% & °Fﬁg‘?ﬁgﬁ%| aim1
whérei h t Histrasior of edubi 91eh @§ helt 2018a ssefid rie theoshholiinehtuaiefig. MBAS b 12g1d he
vol t age agfefRpdiyt BsnfrRBTUNLERMIN ¢aRheRNG 0 ted 1.0 a node whi | s being
i nterrogat ed anyzj del?t}erm ni ng \;\ﬁef her te'%g‘l r%@ggﬁglg’dgvolstwétﬁg Tugh\ﬁ#“ ih a
predefi ne : . 0% @i agatace nicatidn whvitcletepeater or
def i ne¥VikANga4 (Bis. A0Aktwhinhkfungsions di mglataccoginmiication wivittle rodiés f
whi ch t hecduiBRE W £ebubiR kdGfiel fnit¥ob P hfich NEILBLEISHSL HoNGd 62098 J3pdimy ked as a
Power ove,rdﬁEAN nodeg 9. A netwprlz aclgqrglungsectggptl%{gon%" fl réf“‘éalaﬁ%%“én
i nt errogat . measuri ng e vol tage across
t i Fégh 3 Brand forme part ofnembinetRO36 (Ris. QA3 uring the volt
the -communi cat i on eabLiks GAS ARG G5l 3037 % OGN GIhidedid) S M BB 00! ed
and determ ni ng whet her 'the neasured voltage exceeds a pre ef'e P hed
t hr eshol glocationl 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 extemally 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, 2 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 SPEARSs in combiner 2036 as well as to control the
operation of the power supply 2032. Power manégement & 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

llustration of a hub, such as hub 2060, useful in the embodiment of Fig. 10B, Hub 2060

6l .



9% ~1~~~E ~~~ 1. A network according to claim9 wherein a noqiq Aﬁ;ﬂ’ -
whi ch the neasured vol tage exceeds said predeterm ned threshold is mar &d 243
as an external voltage fed node. 11.A network according to claim1, the

| ocal area network al so conprising: a reporting functionality operative to
output a report pertaining to the status of at |east one of the plurality
of nodes. 12. A network according to claim 11l wherein Bald report includes a
report of atPriferally comeriessanr epoventionali eonhereinllyl eadiablenigAM cect, rsoch anbay t he
plurality ofswittodess (Fg3. 108), %ﬁlwmcéﬁﬁ%% 84, tc&nr%h:?&a%r]‘%wmgéa{}r 38 4 at

east one characteristic conprises an indication ower con tron

at | east orff8UREd8 AisrAnnIR 4 Whisd "gﬂheﬂeaﬂ’it%fy”%%fasmmsm Fip@B ang fcmwart of

. A3. A9. A A&.pARerAQpiAinfiinicdi3s AS3. BBy A AE . AE
. Ar. AQUY. ALUL. A& A9. . ARAY . A&?. A9. A''. A& A& A9L. A9. A9l 9. A9. A. AL. A9
. AL. A39. A9n. AH. ALy. Adthe tilfer unit 2087 is connected to a plurality of smart power allocation and

. A&3. A9[ Y. Ake ;rasa ¢
[ pActif .c He(sﬂg 2" 74\95&*‘ @EARFWA%A%“%@A@%[ %&V’%&A@%%&@’%im A9

. A9n. AQe. AQQA Iﬁ?g ,&§ F. A&{ e. A% A9, . AH
CAL5. A . A9. A%k fogge%wg ecirsal poxjer there§omalt is appgepiata shanpewen supply 2082
. AL. AL. A&H3 iap lbe QRO&iHally (dated externally of the hub 2060 Power supply 2082 may be provided

}xsnl d Z]ca caj ca] ca ca] ca]ca]caJca]ca]ca]calcalca]c:a
] cRa] ca] ca] 1(’:@?% ‘lc{%fff%‘gﬁ"]c L‘%ﬂa%%']?‘]&aﬂuch Pkl b togy connection.
&( ) N* * D+l +V+, O#2r 223 2b0br Gﬁnl@axﬁgﬁ% control unit 2088 (Fig. IOB) preferably include

<< d Z
<<xsni 6 7] el el aaieal caloalcalca gglgag@g@%@ca selsal sl cel sal el careal cal
GH. 1111 JerQLammmmm%@ssam&m@ Fbaiay et wicﬁ@]pﬁﬁﬂl)ca.hﬁa&scaahmhca] Ca] c

e oo T il Meabehc @) SabsrdBghen ahaslyraled) SpLatl ol Gl e

]AG(‘]Fh L]h] h\j J] PRGTROs of albof yhed]lteis s SPEIARY in pbwe] sopdiy &hi%ﬁldmiss ai wal sabeadnor] cal ca

caljcalc*a cajl.c C

Q avzob ( SLUEPTL LRt HCAEL ol OB E TobR] RRloBaeR e G & D kool ca ca)

i:a] i:a] i:a] i:a‘]oéw]lli@a:}lf]@awa]rw}gm]ema\]vm&] Ta:]m ap?:oamtg' 10B) WI SrdfrxGo%nabiy iabpaﬁth} ca} ca

calJca]ca C aJ,ca] cal] c caJcalcalcalca]ca

J cal cal cal okl &) Ephidhg oAl Rl ikl £oheeRle AP heako

] - 3EdV| wr mﬂ?e"i']l‘é‘&] medesaf thapwsterca) ca] ca] ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] caV] ca] créeikal %%Cﬁl&%%é.%%,’aﬁnw 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 receiving electrical power therefrom. It is appreciated that power
supply 2132 may be physically located externally of the power supply and management
subsystem 2130. Power supply 2132 may be provided with a power failure backup facility, -
such as a battery connection.

Power management & control unit 2133 (Fig. 11A), preferably includes
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In a node, parts of which circuitry may alternatively be embodied in 2 separator or connector

associated with that node.

The node, whatever its nature, for example any of nodes 2012 - 2020 in Fig.

104, 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 2400, and

- 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 corhprises 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,

s 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 alteratively, 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 data output of separator 508 or 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.

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 partiaily 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
froma power supply 2442 which is connected to mains powér.

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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N s:upply 2442, 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
intentiqn to use the node or by receiving a control message via the communications cabling,
Controller 2444 may also receive a control input from power supply 2442,
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,

Additioﬁally 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 operation 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 requiréd for reduced functionality operation, here termed "non-essential
circuitry” and designated by reference numeral 2502, For example, if the node comprises an
IP telephone, the essential circuitry 2500 includes that circuitry enabling a user to speak and
hear over the telephone, while the non-essential circuitry 2502 provides ancillary functions,

such as automatic redial, telephone directory and speakerphone functionality.
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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
controi 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 2 conventional microcontroller providing a binary output. Controller 2514
Lo 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) or connector 558 (Fig. 7B). The input that it receives from
the data output of separator 508 or from connector 558 may be tapped from an input to the
essential Circuitry which may include control signal decoding functionality, but preferably
may be derived from an output of the essential circuitry which provides a decoded control
signal.

Monitoring circuitry 2540, which is continually powered by power supply
2506 or power supply 2512, senses a need of the LAN node to shift to full-functionality from
sleep mode functionality. It may sense this need, for example, by receiving a user input

indicating an intention to use the node or by receiving a control message via the
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The functionality of controller 2514 may be summarized as follows: When the
controller 2514 receives a control input from power supply 2512 indicating that mains power
is available, it operates switches 2508 and 2510 such that power is supplied to both essential
circuitry 2500 and non-essential circuitry 2502,

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 2310 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 in'put 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

3 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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senses overcun'ent situations and effects power cutoffs as appropriate. The power
management & control unit 2038 (Fig. 10A), 2088 (Fig. 10B), 2133 (Fig. 11A) or 2138 (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 mode. In a
voluntary power management mode of operation, reduced power availability is mandated by
management at certain times of reduced activity, such as nights and weekends, in order to
Save energy costs.

In one embodiment of a voluntary power management mode of operation,
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 operation,

... the management determines a level of available power at a given time and the functionality of

the present invention treats the management-mandated power level as the available power.
The operation of the present invention may be similar to that for involuntary power
management, however, the thresholds and responses may differ.

Reference is now made to Fig. 17, which illustrates a preferred methodology

- for supply of electrical power to at least some of the LAN nodes in accordance with the

present invention,

Following initialization of hub 2010 (Fig. 10A), 2060 (Fig. 10B) or power
supply and management subsystem 2130 (Fig. 11A), 2180 (Fig. 11B) the communications
cabling connection to nodes, to which it is intended to transmit power over the

communications cabling, is interrogated.
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"7 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 eniploying 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
itlustrating 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 IL1. SPEAR switch 408 (Fig. 5) is turned ON.
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at three predetermmed 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, T, T2 and T3 are equal to 1, 2
and 10 times the above time constant.
Typical values for TI, 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 ABSOLUFE VALUE OF 10 >
I3, FOR ALL T1, T2, T3
NICLOAD WHEN VoutT3 < V4 AND
THE ABSOLUTE VALUE OF IOTI<IOT2<IOT3
POLLOAD WHEN VoutT1>V5 AND VoutT2>V5 AND VoutT3>V5
AND THE ABSOLUTE VALUE OF IOT1>I5 OR
THE ABSCLUTE VALUE OF I0T2>I5 OR
THE ABSOLUTE VALUE OF IOT3>15.
where
A'NO LOAD condition is one in which a node is not connected to the line.
A SHORT CIRCUIT condition is one in which a short circuit exists across positive
(. 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
comnected across the line at the node.
A POL LOAD condition is one in which a Power Over LAN separator is connected
across the line at the node.
VO is the voltage at the output of the power supply distributor for the line.
V1 is a predetermined programmable value which is arrived at by measuring the
highest peak value of voltage Vout for a period of a few minutes when power is not
transmitted along the line;

V2 is a predetermined programmable value which is arrived at by measuring the
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V3 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 and when a resistance is connected between +Vout and -Vout at the
output of said power supply distributor for the line;

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;

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

VoutT1 is Vout measured at a first time Ti;

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;
distributor for the line; _

I2 is a predetermined programmable value which is arrived at by measuring the
maximum peak value of the current 10 for a period of a few minutes when power is not
transmitted along the line and when no load is connected at the output of the power supply
distributor for the line;

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;
| IS 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 T1;

I0T2 is IO measured at time T2; and
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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 n;de 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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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
is 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 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 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

74



& ()-!P#9$10%&R' ()-!Y9%$10% & ()-!cLP10%*& ()- S| ~~~~~~ P.@'@-" 4 1 AUG
L109%& ()-1p F 10965& ()- SUM0%& ()- 10 10 10710% ()- Y- AUG 2003
10% ()-@6[}[9. @' @S 10%n& ()-! N 10%& ()-1]' 10%&: ()- S109B& ()-!

10965& () - 1096& ()-] gL8WUS_@! y610%6& () -

| HD 1096F5F& ()-!' 10%~& ()-![ @ 10%8H8&' ()-!n2' 109 % %& ()-!| < 10% 5i 5& ()
-8 <=>LkbQ0! y6 S 10%& ()-T 910%& ()- 10%: ()- &10%& ()- 105 105

105810%&' ﬁbmlpbﬁ&r[aﬁh)ﬂﬁ'h@h& ;ik@%%l dole islcHt@a&lQ%ower.

" () - R () - 0 0 11
£ 0 10 U g nibe U T [, e e,
109%& () - - " with e@@roércg oﬂzé)%&e (n) mPoldary Goder, BaAg@nen) il ABorBAIE with-a Ardferred
109 () - 1f ergié)o%?gr‘rlleg of rt#x\é’ %inr@&eﬁio%y T]hg%echnique of Fig. 1B 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
5 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 basis that the node having the
longest duration of use is cut off first. If TPC/TPA is greater than typically 0.95, power to
individual nodes is disconnected one-by-one on a prioritized basis.

If TPC/TPA is equal to or greater than typically 0.8 but less than or equal to
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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. ) i}

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 ;o
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 so, and a node having a lower priority is currently receiving power,

( the lower priority node has its power supply reduced and the higher priority node is provided

with power.

Fig. 20B illustrates a technique useful for full or reduced functionality

operation with emergency override in involuntary power management in accordance with a

preferred embodiment of the present invention. The technique of Fig. 20B can be used in the
environment of the functionality of Fig. 20A.

As seen in Fig. 20B, the system senses an emergency need for additional

power at a given node. In such a case, the given node is assigned the highest priority and the

functionality of Fig. 20A is applied. Once the emergency situation no longer exists, the

priority of the given node is returned to its usual priority and the functionality of Fig. 20A
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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 0.8 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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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. 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 typicaily 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 periodicallj/ 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 2 user or system input contraindicating sleep mode operation, the node is then
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Fig. 22B, the time duration TD2 since the last communication of the node as sensed by the
hub or power supply and management subsystem 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 is then operated in a sleep mode, which normally involves substantially
reduced power requirements. i

o Fig. 22C illustrates a situation wherein a node is operated in a sleep mode in

response to clock control from the hub or power supply and management subsystem , 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. 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 0.8, additional nodes are supplied full power
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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. 23A 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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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 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"x;;i;)ritized 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, 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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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 usefui for full or additional functionality
operation on a time-sharing, prioritized basis in voluntary power management in accordance
with a preferred embodiment of the present invention. As seen in Fig. 24D, the system
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)

32



10 h 10 hFf810% h& ()-!9k99%: $10%rhYh& () - ! SE99$: $10%h&’ () -

L LTr By <{
L1t 10%6"& ()- f 100& ()- !3&y$10% " "& ()- '109% & ()-!yY 10%" & (TNJGOZGDB

1096 & () - BSWKY]j }rg\=0! 11#10% ()-F 10" 10" 10"1810% & ()-! N1
10%"& ()-gs* 10% & ()-!9)MB10% " & ()- j*dEg\=0! Il 109%& ()-
109& ()- 109 ()-F ,5100/&'()-,100/&'()-*{adEg\=0! 11 &s10%& () -

109& () - TLOY& () 109& ()-y&s109& ()-L 109 ()- Tai xmbCo! !!

&)1 sston (3 %’%%&%3&%*%?( 7497 @S&ioﬁ%@%resﬁq%@%q%

109& () -3

& 109%&’ ()- 10
100,
'SEIBARR (V- +

{Y:0!'[ 10%& e)lse lik BB S DIRVRGR, O the ofijg. 3 A10910%& () -0, 9$10% &' ()-/1C(9%10%
If TPC/TPL is less than typically 0.8, additional 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/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 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

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

clement installation and to provide a means of supplying uninterrupted or backup electrical

power to critical network devices in the event of a power failure.

Hereinbelow is described an apparatus and methods for generating, delivering

and managing electrical power over LAN network infrastracture 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 2 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
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power The data signal is input to the network port on the device and the electrical power is
input to the power input connector on the device. I

In the preferred embodfment, 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 2 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 aiternative 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, [P 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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that can be%teé to recetve pov!zer 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, respectively. External power/data combiner unit 3168
receives power from UPS 3171 which, in tum, 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 inciude 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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data communications signal and electrical power signal received from hub/switch 3072. .

Conventional LAN hub/switch 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/switch 3106 include IP telephone 3112 and desktop computers 3118,
3124, The IP telephone is connected to the hub/switch 3106 via a cable 3110 that carries only
data and to AC power via electrical plug 3114. Desktop computers 3118, 3124 are connected
to the hub/switch 3106 via data only cables 31 16, 3122, respectively, and to AC power via
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/dafa 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-' .;hrough, 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 conié&xer 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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9%40% w ] & ()-,Y 10%Rit (9 irBddHé& to)motel@ar 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 eé‘éétive 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
comnected 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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power/data signal. The description that follows uses the external power/data combiner as an
illustrative example. Note, however, that the description applies as well to the integrated
| embodiment. .

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 i'nput 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 éan 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 channe! 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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remotely powered network devices connected downstream of the unit 3180. The power

supply 3184 is preferabiy constructed to support the worst case energy, i.e., maximum,
required by a channe! multiplied by the number of channels. Alternatively, the power supply
3184 is constructed to support a lesser amount of power assuming there exists an a priori
prediction of power consumption by all channels.

The filter and protection circuit 3182 functions to permit the high frequency
data communications signal to pass uninterrupted and transparently from input to output. The
circuit 3182 prevents the low impedance output of the power supply from attenuating the data
communications signal 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 and 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 function 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 cireuit is inserted

between the output port and the internal networking circuitry of the hub. In addition, the
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supply. Each of the standard LAN ports 1s replaced with a combined data plus power port.

This integrated embodiment serves to reduce overall system cost, reduce the space required

and reduces the complexity of the network. It does require, however, modification of a
conventional hub or switch.

In either the external or integrated embodiments, the data being received by the
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
éonnected 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 sinltaneously 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 voltage.
In addition, an AC/DC or DC/DC voltage converter can be used to convert the input voltage
to one or more voltage levels to meet the specific requirements of the attached network

device.

90



10! F* &Z109%&' () - &Z109%X& ()- &S10%& ()-'10%& ()-Z 10 10 T1 AUG 2003
101 : 109%&' ()-N Rq|]>b@ 1 110%& () -

F109%&' ()-10%& ()-!1K L $10%& ()-!F L $109%&' ()- L $10% & ()-qs>}"?b@ 1
19110%&' ()-9s0s109%&' ()-!Y -10% & ()-y)s10%& ()-!" Y $109BB& () -

f #910%&' () - 8; <=>MIr S10! P 10%& ()-L 10%&' ()-&0%& ()- 10'' 10"’

10' ' 1s410% " & ()-!Y410% & ()-T:ezX9r S10! P&Y4@L0%& ()- ! Fs! 10%& () -

9" 109& ()-! TL10Y&' () - TheRpdh@¥tRath )splitteA1%&al(y) refdrénced)3100<dMPris& (ine in%HA & () -

10 10 10@ 8159'%9%‘&& %i()lz,Y{il%eor%)g and protection circuitry 3206, a power converter 3208 and a controller
3204. The splitter 3200 is normally connected between the LAN wall outlet receptacle, for
example, and the network device. Functionally, the power/data splitter 3200 blocks high
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 communi;é;ibns 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
LAN port and power port are replaced with a combined data plus power port. A line interface
circuit is inserted between the input port and the internal network data and power in port. In
addition, the filtering and protection circuitry is added to couple the line interface circuitry to

the power supply. This integrated embodiment serves to reduce overall system cost, reduce
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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 contro! information to the power over LAN components, e.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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In the event of a building power failure, certain network devices and nodes,
e.g., bubs, routers, bridges, switches, etc., may need to be bypassed in order to maintain data
and power continuity between critical network nodes, terminals and devices. The electrical
power that is supplied by a single large LAN channel should, in most cases, be sufficient to
operate the majority of network devices. This LAN channel, however, probably would not be
sufficient to simultaneously operate a normal network hub/switch and all of its connected
network devices. In addition, LAN devices are typically useless unless they receive both
power and data communications at the same time. The power over LAN system of the
present invention functions to maintain the flow of electrical power and data communications
in the event of a failure. The LAN node units, i.e., hubs, switches, etc., and network devices
switch to a reduced power operating mode during building power failures. When a device is
in a reduced power operating mode, it will either reduce its data handling bandwidth and/or
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 sﬁb-éombinations 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 subsysten:: 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
94
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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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