; Y& (e3e<HIBBCTEMPF" HGXHTHWVRO March 2002 *166166* 11111111 M xed Modc
Transcei ver Dieital Control Network *@00002* and Col | i sion-Free

Communi cation Met hod This invention relates, in general, to the field of
wired mmﬂmmmm’mm ol network systems. In particular, this invention

rel ate conmuni cation and control network systen2@Mareh 889hod
for avoidingieol lision in the transm s§i on of data in such a system
Background of the Invention Home and buil ding automation is an inportant

ar ea leuumummmmmml pnent ?f nmodern technol ogy, 0f whi t he design of
contr : one of Mixed M i

ANSCRVELIEIRLONUL EMEs have been put
forward incidze field, e.g. . ¥dfcion.] siaRiKicationB¥sd and "EIB". Home
and building control syste and nultr-Taceted systens.

St and- al one or pQhiitinventjoni retatgsy indgemesal,abahe figldoefrwised Higiw] Fonuohaewerk ous
requi renents which y arise i.nreal.life situatio g r
systemis nuch SWB'i'ser&?’ePaé'%ﬁ ?‘e‘héﬁlfvﬁwntrﬁgi?céftéraz&nﬁd;f ox@&g@.ﬁﬁ%@%u%%ge‘ﬁ%og The
nodes in suchp@ws@Niysim ALA WOnkhed Sdredvoiiany esllisivm i eectratistriissomeofadend hrer
share the sane resources, and be assenbl ed together by various neans (e.g.
switches, sen®6R3sY§¥Hers, tel ephones, conputers, etc.) in the light of the
needs, in order to realize vari Opackefduht of the Bivehtions, C.a. integrated
control and nonitoring of |ighting, energy,.access and. s curitP/ at ho or
of fice. Centrali Zemecent Pa}ld@ﬁsﬁu&ﬁ“}‘@nalsvél @ma{%c‘ﬂn&"oﬁ’ﬁ OPEWRVEY , the
appl i cation %oéﬁx becBnbBe )TV the dBGERoPRRATELEVs@igs a8 O drefial@sasTet
with various problens, e’g. conplicated wiring (due to the | arge nunber of
Wi res requiredpny dirépaselsl havei heesx penarvard: e tig sidddn £8s “thilde ‘iLonwethal |y a
fixed capacit‘cc!%éﬁ%‘r; e&cg é:}.entral control system) space requirenent (due to
the need to ac da e{ @ central unit usually in a separate room) and
the rigorous requirenents for reliability (e.g. the whole systemw || not

function when thegre ar rogblens with the central unit). At. present) there
are many nedia ageé"s‘s“’gotﬁ"t‘ﬁmg W\g)sytsﬁﬁf“ﬁ&ﬂ%?°r591§.a‘°ﬁc?ﬁéﬁm|’ol§g§$h°§,S’B‘B ing,
circtut swi tCﬁiaﬁtgaloa@G{Aﬁbiﬁ&tdﬂ%ddhﬁ;breducmme&rm anradell hf Dhfidus Rbgirentdanever
to a control network, while the signals/data to be transmtted are usually
relatively shhieh mate2nss foawe L sEeptior. r RAPFRUNEY OB SYRFRLF VRIS RPEh.
Random accessyersagfk Mi hiy 2802 f0rd mebSsuchUsqiftetts. 1k hsWsTRILOAS whkgh can
meet the requirenents of "a real-time control. In a random access system it
i s possible tiavorkoeiemeen camamuningis SideRne anothen $hark thessagrancsuiess candtbet he
same time, 1 AU LLRg bik: OB MSh@ ineddr QU S REAA0US A Thhdie el ed tO
resol ve such contentions, to recover 1rom-collrsions,” of 10 dvol

col l'i sions. Swwedpures, eadsini the liphterf @M SDin Gaerty r&dizs eatiblstdoptrel fAnaeas, W t h

Col l'i si on Det ect.i on% %nd CSQ/I %I CA.%Cacr,r{ .gﬁnge wul tfingl e Agcess. W rhh

Col I i si on Avol &dRESPIed RIS TN MoniorRg 8t lighAing(erFTRY: HRSFRSTY SERTY #A°Mio or
nore nodes tr@ngied sianals/data at the sane tine, all such attenpted
transm ssions will fail. Each of these nodes has to stop transmtting for a
respective period of tinme, and tries transmtting again. Such will cause a
reduction of theceppyRl Caddun s‘?'fsrfcinc'iﬁnac}&vell_-m% Gethh61dky.C O MAIVERL {HRD

net wor ks do not consider the i1ssue of priority. If the data packets to be
transmitted asppliesiongefesusd & depbaologyain iome ol Hyilding cauwpethatidnohast inet withe
pre-det erm neg _per | i f Bt smtited, This.is a.
con~~ent i onal %ﬁ%gﬁgk@%j Lérr?'a C zlégg%&ﬁnéa@%ée{o%eclﬁ:g&i Ib(c:ru%;'it\yxrgsd' ,céiuéred),
comruni cat i ondifficairenn etiendingthe syfiemi(ssthiere of usnallyod fiksd dupacitefor vah)tentral
.inmportant to a control system  The gifference coul d be %/ﬁ?{ si gni fi cant

since di ffer eFPTRLYSE g §PACE FIANTEREDt dAY¢ 19rths pecd IR @FGagHEe FeRFAL UBIfSt em
I n case of engygl I QU oblqe ek ' RN

si gnal s/ dat a can%gfﬂ/ lgeS% .?g%sf.ﬁoﬂj'egidbg&e{{%gorl%irgﬂ'lﬁggcﬁ%?g? %I% bg%'(aé%g@%ont r ol
network, it iwhelesystemmall mot fupetjontwhenthmbare prsblamhs wish the cantrdl mpithim  The nor e
are the nunber of wires, the nore inconvenient the v ~iring process wll

be, and the higher the risk of ms-wiring will also be. For exanple, even
in a network in whipedseht)ahere are nany ynddiaisccedst emtrole (IACYIMthodshelge tékeg 23
(i.e. (4'-1) wag’zwpﬁﬁ%bm s-wring., Wiile it is.a conmpn practice to provide
a separate powEr™ S, U FRH and timerdivision fapliiple; acepss OMALKTER to
provi de el eCt HbweR8V@Ia E&&@%cﬂ%ﬁ&vmmﬁyg{;nm%ﬁ%w&m&ﬁ{m L3ty power
systens generally adopt transforner couplinng to separate power from gl gnal s
in the bus/t rilgivelyshom, the d¢spomse Bpeed s eequired tocbeureiativgly high. Random access




20 March 2002 ., _,. transforners, the systemis usually of a relatively

| arge size, and thus nore expensive. In addition, due to the relatively | ow
internal resistance of the transformer, the fanning-out capacity of the
bus/transm ssion mediumw Il be | owered when the transfornmer is connected
to the network, It is thus an object of the present invent?@hm¥6h396%ide, a
m xed node transceiver digital control network system a transceiver, a

nmet hod of setting priority to each node, and a nethod for avoiding
collision in such a system in which thepaforesaid shortcom ngs are
mtigated, i?rthﬁ% InRast HeOrdl NASIAWHRES tn MdeErRAtNBrenRerkd S RURal Gime
Summary of the Invention According to a first aspect of the present

i nvention, ddmemoé i s provided a digital data comuni cation network system

i ncluding a power supply neans and at | east two nodes, wherein said power
supply means and sai d nodes are connected to one another v~~a a

transni ssi on nmediarMasheBYceds Gk, St @Wabsditiat@athfort AAS Wneshddesdagt yeen
sai d nodes, wherein said power supply nmeans supplies electric power to said
nodes, and twnsnet sigaalsidetasat thmsams timai t¢switidgsn A sollistus Hamens mathodobae
transm tter, and,at l.east one of,sai d nodes in des a voltage node .

recei ver. AEBr AT éesggv(?o%ha% ge 106%: th%e%ép’)\lrile séﬂ{n F?%f%‘r?gf’oﬂf gq BEP i s
provi ded a ghigdibad. dkch 12eMMBUN iEAhded TSIYAIGIN (DarrydSérise eMultepleli Adce wethgnal s
froma current node transmitter to a voltage node receiver, said system

i ncl udi ng aeolisient Peteation) ansh GFMALA dSBrmy 2ansp | VnGind@iArcessansts Eoldisioand
sai d receiver W e 0 i di o]l .
comuni cat i‘g\r’losﬁ%%ctgﬁ; ﬁ%@eﬁéﬂ\;\eﬁ?esgéﬁfé{e&q #Eegfé]ugﬂpgru@%dr,gggg(?hgﬁﬂlgr%;ﬁlé&aet{aggﬁtned
el ectric pofigmilé/dha af tietapewine, allnRtly ant@amsd hansmigsians Wil faiV.OF 4o thegerr nal
and a second voltage termnal; current control neans coupling said fjirst
vol t age t ertfidsahagfio SWPArEEHETING UBpR JeSPESHNS PBIplitimapped 113FS HRSTIGINEg a
first ‘el ectijyf, CHidam BALla 1SREHod bf BE ShSfibidatiof WA GBI palh operating as
a | ow i npedance pa or current; voltage control neans connected in
parallel with said current control means for controlling the voltage
anplitude across said current control ans, and for providing a second
el ectrical pat MesCUreERGqrampnicpiion F?ngifr‘foeﬂ?t; cnsiise dhs ﬁéu‘?’rﬁgﬁéméﬂud i ng
sai d Secondthé’%kfaiﬁ%k&t?rt%@ﬁ]anﬂlfxi giaft M%Eueﬁ%gﬁéﬁrﬁﬁ@,ﬂé&ch%§§% dafi 3% @el O
provi de a power distribution path; wherein sard current node transmtter is
coupl ed t o sani20piebdec¢BOAP perdshofitimalbefort dr isi tngiserived.i Thisaiscaicoerhtibmp,
wherein said &Janfnitt r ,produces curre tgﬁélies in said current loop to
et shitesy

performa cif HodBddfeRs: APt §aESE U5 Bn10:aAdCURBIUBIRURR | YS¥8Yt age
mode recei bSerC ( f QL i8R AENTo 4O, es sai d
cabl e pr od\ﬁée”&’bﬁ"'i’ g?ibiogsggeofo? fg@hg%%?g (;II? esne%rﬁslﬁ?gh\égﬁoo\rén’% &éﬁi\%lsﬁ) 5"821' rmT?:}g

di gi tal datdifferneptdonld bf\oeoy dignifidaot ainchidifferastpeodesomay hmrpyr esedifferent

i nventi on,bﬁ‘gene i S.proyided a dlgital ata conmuni.cati on network syst.em
for distri HUPFRPSHBHEIN DEFYSEM- plb Rtk Pl eBFgRATY: FEESH Brabiyabimay 1&s if
through a béé?tairﬁﬁiﬁl}%r&?& YRR sAdRG e A Be FraRb 2l ibhYa Pinidfsesodeach i ncl uding a
m xed node data bus tranSceiver for generating &lectric current pul ses and
receiving electric voltage pul ses; an electrically conductive cable
coupling said des .with one another to, prqyide a path for power. delivery
and data commﬂ-gc%ﬂlfﬁqs‘?onér € %gr “slaﬁﬁ\}%éﬁ&#ﬁﬁ%%&%?ﬁgﬁ‘&ﬂes oa

pr e- det er M Aedr@LECtHCrBA SR 1HR! nurdbt: hPRNEY, RERRbY HESNEnERY thY vArihk " St
voltage termnal and a second voltage termnal; current control neans

coupl i ng saprdcéssrvgiil bephndithe Highemitieatiskodf maeirngweill asppé.yForexsnyile evand
cable for providing a first DC current |ow inped at h; vgo| t.age, caotrol
means conne‘@taeﬁetiwr?glbé? ?ﬂhl“%i t}\ﬁ[et‘?{e&&fyd %Wéﬁﬁ{{g@o i RS -bi"ecZ‘HfﬁSI li ng
t he voltagewgyrg)éf&lﬁd@irﬁ.&(oss said current control neans and providing a
second current path for transient current; and connection neans coupling
sai d second voltage term nal of said power supply neans to said conductive
cable to provi S&@ power distribution path. According to a faourth_ aspect of
the present i nVERES BriS 2CCRBITRON Braphics P REQVide £ SERAIRISIPPEYET SOMGE dor ¢ashtdpisni t
and recei ve, djai j S ' ive ' rept
power and ?f‘g?}[ga{‘&ggﬁléqg ﬁ‘émii F%gh#geogozﬁj&&%&aflg%{ré%og’g%i t\\ée{fi'l%i %%:c{egg.l[\rr?g@g tggl dge
rectifier heativogk.t VOomamonelitk gowee sviems Sgendalliyesddpd terefirfRer aolphngdadarity
interface with said bus, said rectifier further including a + term nal and
a - terni najeParkte peyVenompdsnaly intigi busdanymiss pe anadium aiBecausecefiitha atse #hd
said - termnal of said rectifier for inplenmenting a current | oop adapted
to produce electric current pulses to said data bus to perform current node
data transm ssion; a voltage node receiver coupled to said + term nal and
said - termnal of said rectifier, said receiver being adapted to receive

R o . S . Y R . .




According to a seventh aspect of the present invention, there is provided a
nmet hod of transmtting data in a m xed nbde comruni cati on and contr ol
network system wherein said systemincludes at least a first node and a
second nodc each being adapted to transmt pulses into a bus vi aq&' ch said
nodes are connected with each other, including the steps onQM?’ @%i rst
node causing a pulse of a first polarity 20 March 2002 -6to be
transmtted into said bus; (b) said ft?#st node checking whether a pul se of
sai d fir stanpformets, yheasystear & wnaldppfia mjsquamtargtgm,ianidstguﬁgws@amcn@vs-ai d
pul se of said first polarity, i.nto said bus,for the ful | pd_of | se
time-wi dtlf Md“ambus&%'-'g ‘%f‘g‘gd%ﬁ“?’f%sfb"bé‘l“aﬂﬂ JoH TR é’ﬁt%ap%%ls?%nbﬁ% in
step (b).rAGG0NM RepidnABf 8heukrmsRaRiol meBRnPreElebt loweesd ivin thiere is
provi ded ‘a nethod oF transmtting at | east one data packet for providing a
col | i si onrdnsfeemenismonneaed e nAtveprki xed- node nufti - drop random access
digital control network, wherein said network includes at |east a first
node and a second node each being adapted to transmt and receive data
packet s throyghiiushusobiéa offtiecfressait thveaders waproviden aeniked madehranaedin ot her

and constituting a wired-AND | ogic, wherein said data packet .includes at

| east a |dgjia qengh! BAEVEIK| Y§IeR: [HHARGCHED 17 ¢ pEFeTUREOPRYY WuChsai d
met hod i ncl,udj N:. saj ' n }éﬁ‘le .ansm t
sai d Iogi“@d?’o%v%?%%g&gg‘? gaﬁﬂgld%gi%éllgsr%sﬁﬁ%ge% kyzﬁéfn) Hgﬁvec sh?oégf?lggé ate
from sai dhbrsiming} amtmitigatddpot atdeasnid proside al usgfut altermating © shaipdbhiels i f sai d
bus presents logic highin step (1) b(?ve; .(03) conpletes transmtting
said logic lowinto said bus 0: Bieun d of the time-width of the
said logic | d [ ' SReK ; ' ;41 ogic
high into saﬁg‘gé%g{sﬁf téggl g&%@%@ﬁg&% E’?ﬁﬂggghs f?’%?é%\??né?a}s&afﬁ%éi c high
i nto sai dabusmrhnicafmchkawoagsiclest atcudinpapswedsuppdy meahs embakisasohed her a
pre-determ ned vvai_tin% time is up; and ng% repeats ste s'{b)(Z) aag (b) (3)
unti | saif@dss. METSiB JRTROMS SHRRLY MoRRS ARG SAIG A0S S CAPGHLIHBHIPID sai d
bus for f ' i fren Y fereb QGG B] hia.Saligd bus
keep on B?Aéggr# %’ﬁg%ﬁ%%%%% %Y?g%]‘é(i’%x{é}%%;@%éggrdi n’SS’tB’c?%;dﬁ%ﬁtﬁ %’gspect
of the pmedentwhensiersaidopowehsipplyi mepnsostipghics elemwichpaiverf tot saidh anddst amd) at

| east one dat.a FFCket fogr r ov,i di ngmg collisions;free c.omTulBrH cations in a
mi xed- noAPHUR #F SaTidRReral faldAoset medidgs §icHaFnt IpRds BRI L AR 2 8Ph said

20 March 2084 nmodbeindRidKs b Reliadlasodd rebdast a first node and a second node

each being adapted to transmt and receive data packets through a bus via
whi ch sai d nodes are connected with each other and constituting a wred-OR

ow to bo-t rARGHTEL] 2 R EaPtrIS AR BErer FRAOeD NEURPIG Lfs SIBBE of ©
(a) when gaai domimfislicafiof ©sysea Sfof QUelivasgTidigitdi dehddi okl 8Ncilridn® B8dd bus,
said first node: (1 ) checks logic state fromsaid bus; (2) starts to
transmit teamitesgioc ahivgltaghtmodsirecdivas, istids aystemudngivdipgnas tlegricallyow i n
step (1) c%ggt\x/c%-\re cable coupling said transmitter and said receiver with each other, thereby
providing a digital data communications path; DC power supply means for producing
a pre-determined electric potential, said power supply means having a first voltage
terminal and a second voltage terminal; current control means coupling said first
voltage terminal of said power supply means to said cable for providing a first electric
current path, said first electric current path operating as a low impedance path for DC
current; voltage control means connected in parallel with said current control means
for controlling the voltage amplitude across said current control means, and for
providing a second electrical path for transient electric current; connecting means
coupling said second voltage terminal of said power supply means to said cable to

provide a power distribution path; wherein said current mode transmitter is coupled to



(3) conpletes transmtting said logic high into said bus for the full
period of the tine-width of the said |ogic high; and (b) when said first
node seeks to transmt said logic lowinto said bus, said first node: (1)
starts to transmt said logic lowinto said bus; (2) checki M)iéﬁ: égfte
fromsaid bus; (3) checks whether a pre-determ ned waiti ngQ ig p; and
(4) repeats steps (b)(2) and (b)(3) until said first node conpl etes

transm ssion of said logic lowinto said bus for the full period of the
time-width of said logic lowif said busikeep on presenting logic low in
step (b) (2),idAGER" Al Mplemhedrih€AlinasResh, WherbiesaRl 8aRMhireP¥RMEQburtRer € is
provi ded a transceiver adapted to transmt and receive digital signals/data
via a m xegulvesién kaid onhrienhlodelto\performiar ewtent madendigpaineata aragsmisgionakndlat a

si mul taneousl y,. said transcei,ver incl.udin rren de-transmitter neans
For i mpl omdersin SECup AT, Mo Salip o dOP oS Fate T B Pt & CUPE eR=P ces
to said bugyfps RR' {00 BAlle P6d1RRE bYOGEd daftdgel ERHINIBEIRNo POk haggodDde
receiver ans for receiving electric voltage pul ses on said bus to perform

vol t age nodeddatigital dewpetaptionBri ef Description of the Drawings Preferred
enbodi nents of the invention will now be described by way of exanples, and
with reference to the acconpanyi ng draw ngs, in which: 20 March 2002 g_
Fie. 1 is a scheinding tdiaaMramsﬁéct&fampﬁs@édtQﬁeémml tirege igTpaeidedi4 digthabp
network systemy Fig. 2 is a schematic diagramof a conventional current
mode nuf ti daeojprrmebniertiospeweRk system for distributing eeaer @ndifag PEawding signel st

m xed node | - . em: { : i Lon;
Flo as BERUL GRS B SR BSERLA il i PN AR BNt on
syst em accdidhidigg enikbé mpde datat bus maasdeiven forfdegerating eleatrsc hertait palsed ank

di agram of a second epbodi nent_of an aErpI i cati&\g system accqrdi ng tqo the
present i n¥eSEHYIBS elepily, vadiagn pilses: 138 ClaGHIGBHY cONARFLYR Fableeropalinasrd erdeye at

certai n poinss. of [ j ] . t he
bus and recl‘:&gﬁhv% %‘&Bger?ae/élteoﬁ\gpeer nh ?%33% g%%%éﬁ?@%%ﬁ %ﬁ%‘\%ﬁ%ﬁﬁ%&;@?’ @tép 7
shows the eguweertpply aneardot lpeodwinzag eretiamnrinad etentfiaipotanoialtsaidopov-tre
syrtem when a positive pulse is }ransmtt?g%fiento t he blus and received by a
recei ver, ARRRIY “&eaﬁ’éé’éﬂngea At yeltpgesterpwa A serons Helfase oAl CHE SRS i n

t he enbodi =N dhi G d Fret BhBao f. t ed in
' molﬁﬂ?zﬁxgs Qtooﬁ'ltl d $hid first '\:/bﬁa_e&eﬁltﬁﬂg.‘fsof{%ﬁﬂ@%@rsﬂfgagem,%sgﬁ sat€d |

t he system acco e present i1hvention; the data bits

format usedabla fohersydingm fcet dQiqugenblavhénprdesenpaimwaitacompnFolgmeds shows

t he data packet f.ormat Hsed Jn tge system a(icordi n?o to t h?'rfl)r sent

i nvention: connected 1n parallel” with said current control means for controlling the voltage
amplitude across said current control means and providing a second current path for
transient current; and connection means coupling said second voltage terminal of said

power supply means to said conductive cable to provide a power distribution path.

According to a fourth aspect of the present invention, there is provided a
transceiver adapted to transmit and receive digital signals on a data bus which delivers
direct current power and digital data simultaneously, said transceiver including a
bridge rectifier having two connection terminals adapted to provide a non-polarity
interface with said bus, said rectifier further including a + terminal and a - terminal; a
current mode transmitter coupled to said + terminal and said - terminal of said
rectifier for implementing a current loop adapted to produce electric current pulses to
said data bus to perform current mode data transmission; a voltage mode receiver
coupled to said + terminal and said - terminal of said rectifier, said receiver being
adapted to receive electric voltage pulses on said data bus to perform voltage mode

data reception; and a current coupling means coupled to said + terminal and said -



Fig. 11 is a table showing the respective waiting time of the priority

l evels; Fig. 1? is a flowhart show ng the process whereby a node initials
a transmssion; Fig. 13 is atimng chart showing a nethod for access
control and collision avoidance according to the present invention; Figs.
14 and 1~ are flowcharts showing the back-off method for c@0Maich2002

avoi dance; Fig. 16 is a schematic bl ock-8agram show ng a four-node system
accordi ng i i Lidogurrent cobi ftand Guingnadiptedaic propidet ®
transmt sﬁ%ﬁeﬂqgg}g?ﬁg%%ﬁﬁr@ch 2002 -9 glFIErgul t aneously; Figs. g?A to 17D
show t he respdated direorennefent supply tohsaid Gansayaenand: said wwaeiyen ansfoth¢rameans in

m cro-controller of the four nodes in Fig. 16; Fi ~. 18A to 18D show the
respect i ve SHAERSFTYYr the sink current iQ ib, i~ and id of the four
nodes in Fig. 16; Fig. 19A to 19D show the respective waveform of the

voltage at the input of the mcro-controller of the four nodes in Fio, 16;
Fig. 20 shows Apeordimgapcr fifthfaspers oDEhesPISPIR) IBRHISR. BgFe Brroyided ampshed —st em
shown in Fig. 16: Fig. h t t i t ur.ce..current
ot the SyccBipuRbAieT p B Biker RGP o s |ORUGE RSN R
current ipwHeesthns3id byseetghintlndedir thiastex firstrnmddec basepond nbée = psvensuppbmwn i n
Fig. 16; Fig. 23 shows the waveform of the vol tage, vp, across. the

bi - di r ect i GHAEPS.ANARNTENt {h¥OIAES O FHEWRCANS CRRRECTefsWIthiope apothehge Ruse
wavef or m of o g._ragtr@ ' [ * iig- 2~
is a schenﬁ?%’ggaﬁlgépg(r%egggg(%’)e%%ﬁﬁaﬁf% rmdgg?ru tcl -d ‘%lg" P\%t@%?ﬁgsr;@gtg’em
accor di ng (¥) trienfifizpesaid fify etectrimpul RBetoasaid foWerssupplyi mieans iofthe femPsfedrer r ed
Enbodi ments_ At . present, _the .nost conim)n net Wngr syst%m is "voltage node
network". AlCSEHCFHTITE: (F) £3PHRE AriSUBIRCIHC SHEEBRTPE SORAWERSHRRY MEANA® can

be seen | N phldinsdugi sBuMiGend to NRIESL LOAHER I HELS h0indhllEe RhstBABELAN FI 0.

1) are cofnected To-a bus to forma voltage node network 14. In each of
t he nodes/ tleanicpilse raad 10) ransaininktsagescoandesltatan pulist irgo sdi6 buand a vol t age
node receiver 18. The transceivers 10 (e.g. EIA48~) of such a system 14
operate by nmeans of electric voltage. The digital signalsldata transmtted

through the tragsmissien Wﬁpg} of the séﬂﬁmﬂcﬁiio&rrﬁﬁcqs tp'?@v&fié?f Qh]@thaod

different |evels i'gh or el ectric voltage. a medi um o

smal | er nodvmaledimpactesanaemtios inlosexed mode i ®mmedcationcany aortdl arerwdrkh a

ecelver of Bl Sher Ao L pedance, e, Suckemil L ysual Ly, beof g

has a fanniyegpOidapfe8RsGtdn¥mRlsighhls HRVEVAE via which said nodes are connected with
each other, including the steps of (a) establishing a plurality of priority levels each
with a corresponding different range of waiting time; (b) assigning one of said
plurality of priority levels to each of said nodes; (c) said first node generating a
waiting time on the basis of the priority level assigned thereto; (d) said first node
checking whether said bus is free for transmission; (e) said first node checking
whether the said waiting time has expired; (f) repeating steps (d) and (e) until the
waiting time has expired; and (g) commencing transmission of a first data packet by

said first node if said bus is free for transmission.

According to a seventh aspect of the present invention, there is provided a
method of transmitting data in a mixed mode communication and control network
system, wherein said system includes at least a first node and a second node each
being adapted to transmit pulses into a bus via which said nodes are connected with

each other, including the steps of (a) said first node causing a pulse of a first polarity



20 March 2002 - 10 a smaller capacitance and a higher inpedance will reduce
the anti-inter ference capacity of the system As a result, a voltage node
network, as conpared v~Ith a current node network (to be di scussed bel ow),
is nore easily interfered by outside electro-magnetic f eld. As to a
"current node network", such usually refers to a current rﬂmMar@b%,OOZ
mufti-drop system a schematic diagramof which is shown in Fig. ?. As
sho~~n in Fig. 2, three nodes/current node transceivers 20 are connected
with a current source 22 to forma sysigem via a closed-l1oop bus 24. Each
of the tran ' 20,1 S ur . gap! 2

curr ont st Pasgnfis B By IR S ARThodP AR AR HEER pEfetTNel 4100
of Hew et fitst patdciy Bppedid dresatd bes; 4. @) finGing senidifly ohidHevibebf sRddiar d)
operate by neans of electric current. The di %j t al _&}ng?al s/ dat? transmtted
in the trBoISANSEIRHaidebisaloatae Fl PHACG 6F RPISF tnesidingt @upylshof stidditft er ent
magni t ude . : : iper of a current node system has a | ow
i nput irrp%((g}g/ﬁ@ﬁs\%gﬁe% aOdsA%s(%@%%E{&gl(Fg has a higher anti-interference
capacity. However, as all the transceivers in such a network have to be

i nked up to form.a cl osed. | qop. sycgtgi |1 reduce t.he reliabili t&é cﬂf t he
system |n pAt9SPEHNGrio &% cighth @SRest 2 BHATCERF VTR FHye dSiReYidEhé whol e
system wi LliRjsedk SgiWhinibieaf 301 e Odita CARASH tfYr Provialy & thRRRAGTaMer i
al so small'er. For exanple, a current node system can usually consist of
several tcamseRicatoss inrSuotixed-mpde amliigropheandpny accosd gigial ¢aitod ntvrorkise in a

i mpl t . hi gh-i.nterf tii ' fti-d k
Syotem 10UNSERD SHATEIE HETHES LAl AJERL FIE FOS roRDA SHERr L TE | n
Fig. 3. Asdtdd Rersfeit ahd FReive Qdaspdtk s AR at 5iANSE SVHMER Said G dad Sre

connected with one another to formthe system 100 via a bus | 04 in the
form of acwinggled withraeh deleertandstoaatiphng a Wirpg-AlNPelogikachibereigesaid Zatanc| udes

Cr anom t BRTDT e h e SE nR o A BAOES FERE RERAG P P o (e

bus |04 tgiohheiodivdrlinglBekephdf:t he receiver 102b of the respective nodes
102 receives signal s/data from ot her nodes) 102 via the bus 104. It should
be noted (@harhanaidifigst nade saeknigl Eangmitsaid lagisdpwiiae s3id bye saiddustfiodeier s 102a
are in the form gf hi r f.di.fferent magni tude (Mark/ Space). On
t he ot her hand, @ﬁe%h?‘g%st]%cgg%n@%lsggtb?s’r ecei ved by the 20 March 2002

- llrecei vers 102()arserisno tiagsmhiosmd dbgidildw enrershid busgii said Bigvhredearsabgicof

el ectric voltage. Al sq connected with the nodes 102 via the bus 104 is a DC
power supply 106 andigh Bo#RR(1) 8POVED7, which acts as a pul se generator. The
converter 107 inghu s rol.Ler i rQVvi ectric
current i(vp, t)&goqtgﬁlg?est%%@ﬁ]ﬁmﬁ%% dﬂghﬁt]ﬁgo%é%lgl%lg fg%/h&ﬁ%u é@?ri C
current i(v~, t) varnfés thacaviltindthesaidlogidlewehedtri c vol tage vp across the
current controller 108 a&gi the length of time .t during which the electric
current f{tdwghamsaddhst r %Wﬁéﬁ@ TG ojat b o i o dughoiHp @i Qus.nsarh A5t e
with the curjgpt controller 108 is a voltage controller (also called a
current to voltage converter) 110. This voltage controller 110 ensures that
the el ectric curflenttarseordndrfiesaidtogic higkmmtbtseidbut)’ _"'a will be converted
into the same electrjc vqgltage for transm ssion into the bus 104. Anot her
function of the (ol CAeKSCRHE Pl M FAIg BUE {0 ensure that, when nore than
one transmtter 2 itd ] 1l , el ectrical pulse

| evel in the buséﬁoih%lﬁgl&%%ﬁe g%gég@g%%g{ﬁgﬁﬁlﬁ%}eg&p?gﬁ%e e.g. 1.~V-3
V. A first enbod{4yemtpeats atepap(d)(20atndn(byBst emilacaidr dirstg dode t bemplersent
invention is shown schematically in Fi This system 200 includes a

Fig. 4. Th
network power suppl yra3emisgioaof spiddpeis e Hue said bus fondhenbakrerxgef theo4b.
The network power s Wi [ j - L . hodes 204a,
204b via a bus 206 ?ﬁ? %(’h‘ggﬁgf’ar?ndgégqgws%hﬁig%&@g‘g%?%é‘ggr%@&ﬁ@?%%%b%ﬁfﬁ( UTP)
wire). The network pewep ®B¥PPRIY 202 includes a DC power source 208, and a
convener (which acts as a pul se generator) conprising a current controller
in the formof a cored inductor 210 and a voltage controller/current to

vol tage conveyter..in.the.formao bi -directional .voltage clanp 212, In

Uhi s Sxanpl o AeeRtaibBi AR ! ofR e hELetliD: sitfe LRV A RneS04a. "2 1an
arranged bfr@ndtdil atibdst 0RO asth bRkt FRGrb@Rhg 2 ERliGuhEME dondAldibRidas Power
source 208 passes through the inductor 210 before it is transmtted to the
bus 206. tha mixtd-1R0da multidnote sandonuaceess digitde contasisnétvoek, Ri€rein s udi ng a
transistor 218 and a resistor 220), a current coupling circuit 228 and a
bridge rectifier 2;0. The 20 March 2002 -12current coupling circuit 228
directly couples the DC current in the bus 206 while not affecting the
di?ital si?nals in the bus 206. The node 204a is al so connected to an

a o NS A - o o o o PN



20 March 2002 _13_ perforned by the system 300 in which when the switch
constituting the sensor 234 in the application nodule 221 is closed,

el ectric pul ses are caused by the current node transmtter 216 to be
transmtted into the bus 206. Such electric pulses are recgéxfd b§ 6§e
vol t age node receiver 226 of the node 204b and inputted in gheh 20

m crocontrol l er or processor 242 to outp@t a signal, which is in the form
of the |i ghtdRgriuphiidesna Rukba & hodd REd T el SeROBAdIE BEing ARGl
power is also delivered fromthe DC power source 208 to the various nodes
204a, 204b tzemdmapaid reativerdatmpadkets throngh a bug vig which seid pedgs2ge conected

particular, it can be seen that.no transf.onmer | s, Ledu in. this.
system It ¥h cﬁ‘%&%‘?‘ﬁre cg%crxpsp e HBEY 25912 (B?"Ig’h‘gﬁeer%ng#é&nggtaoqa‘{(ﬁén%}’?‘cfge
rectifiers 2.1bf 22R2id Righhgnd @spgiet lowe1d b6 afandfidted ¢ Baid1bug)i sidnetiog Wil |
occur in the s~~stem 200. Take the node 204b as an exanpl e. According to

t he presentinclodmgdh¢ 8'eps efie el ectric current fromthe DC power source 208

will flow (JLp the conv i ) ) ode,:2 ri |.ode. , and
Feturn via @ otdea S Thafds FRARRe kil bR 199Kt Lela BT B i
dotted lines ifodd:b. 4), the electric current fromthe DC power source 208
wll flowinto the node 204bh via diode 2~Cc, and returns via di ode 2~Cd.
Such therefore enddy eheckpingie HaedremaidSof the flow of the electric
current in the noge Lieatk il 43,4 { :
irrespective of tgé) vg\t/agf/t?it‘??'qg—%lﬂﬁf%ﬁmt)ﬁlg%mf}?ghsfgg?’uttﬁg%ﬁga Ig%fgﬂﬁe%?gqocém
connected to the busl®0f step (Daboed;so be seen that, as shown in Fig. 4, the
bridge rectifier 230 incJude two, term.nals coypled to the bus_.206 for

provi di ng a non- dehF?@?JquﬁtléﬁnF@tréng\ﬂ‘H?‘Pgié?llﬁl}ém%@,“??’\%s itgﬁﬁﬁh@”@ﬁiQfge
rectifier 230 includ - o | o hicheidg nal . The current coupling
circuit 228 incl udesﬁ?ict@%ﬁ&%ﬁ?ﬂ%?ﬁ%’so@ﬁ%é@m with two terminals, one
of whi ch bgbphghennaiddirsthdde sekles te ttaesmitisald logictlbne ihtoi sdigiebusesdid fireno230.
Anot her end of thﬁ constant curr.ent Isour ce 231 i'i connected to the -
terminal of the Hi)dgHafteid FEsait spahlogiclopHme e Pusii ode 229. By way of

such an arrangenghl, gLt [dosc 8A8orh Saidpppl i ed to the application nodul e
221. The transm’t'ser 21% a{s’oc#ncl Udes the transistor 2l 8, which includes a

col | ector coupl ed3) o theeks-whethar mate-ddterniisedwadpeg tiree tsivp; @end 230, a base for
transmtting dat o be 20 Mar 002, -.14 transm.tt intqQ the

transi stor 218, gﬁg alfPEHP t £16PS @R@gr% dp¥p) Z%Hi §a’éo§‘g§teﬂ’°8? eomrlelss to
the emtter of the tragshstqén 428aiandgidtiodnatd8did BRE fhoHeN Il pdrardmak of
the bridee rectifier 230, so as to inplenment a transm ssion output current
| oop. The bridge recttimeevid2gef sarntlogitdowtifisaid duskeerd en preagriteng lbgictitne ibus
206 for providing a ngn- @rity interface with the bus 206, in which the
bride rectifier 232 iﬂ@?@% "a + termnal and a - termnal. The current
coupling circuit 234 includes a constant current source 237 with two

term nals, one of which being connected to the + term nal of the bridge
rectifier 232. Acowrding tered terfth t dspeat ook thentpresgnt émvensiony cleere3iz povisednact ed

to the - terminal of, the bridge.rectifier.232 via,th di pde .23 ~. B
wny of suchrECarFoARgRiRa D CeORa AR o R e L dEa S ik B04F Bt 000
The recei vaghidR Qelit&k WRst tliferft dBAEH hd db3@l ARIBMAItARCNAS, daid ehficeRler Of

the bridge rectifier 232 for isolating the direct current potential on the
+ term nal iofluding duriedtymode tianfrhigter 2@2ns far smplemtnting adiument lavp agdapted to
application systemaccording to,the present invention is sho

Sohemat i cal1gayGs EISGHE cumgy mises o S89 PYS ey PSPRR | & SR hBods <38 200
shown i n Fighnsthissiaie 208 VoltedTRldaE relel Ve miéHns Yot &&%%P%Eﬁicmﬁée%%s 302D
include a current node tranSmtter 304 and a vol tage e recelvVer 306, so
chat each afn saikbungerfetdacltdgoimods datareceptiori ver capabl e of both
transmtting signals and receiving signals via a bus 308.

I nter-comunication is therefore possible between these two nodes 302a,
302b. As the structure of botd:nagles, their connection with
the rest of the system 300 arﬂ-l & ) 44 qsIy di scuss the node
302a in nore dBtederred Amtodiments rofFthg. inSentiont mdl s dfe dO&Eribed t e veayr bENt
node transmtter 304 is connected to the output port (0/P) of a

m cr o- cont re(i‘laﬁ?ﬁeso?ncbmé% Focg iOthe RFAmePayIng dipwingsontwigEh:p) of the

m cro-controller or processor 310 is connected to a transistor 312 of the
vol t age node receiver 306. By way of such an arrangenent. the

m crocontrol |l er or processor 310 can control the transm ssion of

signal s/data into the bus 308 via the current node transmtter 304, and can
receive signals/data fromthe bus 308 via the voltage node receiver 306.
The m cro-controller or processor 310 is al so 20 March 2002 - 15coru~ected

. o o o A o e o a L SN oA~ — . 1 o




- 16 i(t) passes through the inductor 322, nanely, fromt = 0tot =71 As
the inductor 322 acts as a current controller which prevents the sudden

i ncrease of the flow of electric current through it, during the tine
betweent =0 andt =2z, o+ i(t) is smaller than lo + 1,, so that the DC
power supply 320 has to pass an additional electric currer0Marah2002 (t)

t hrough the bi-directional voltage clanp 324, which also acts as a voltage

controller/current to voltage converter, in order to fulfill the current
requi renents of to + 1, of the current #oop of the system 300. Since an
electric current flows through the bi-dfrfectional voltage clanmp 324 in the

same directi ohigas] tihea cohes#ic KIagimgok Br eerysntieRali veliage omode omubii-dregat i ve
el ectric p (d. .negative with reference to V~) of a tine-width T of r
is i nduced"t&"\%ﬁnll‘c%ﬁsﬁegbati ve electric pulse is then transmtted into the bus
308 to be recpig/edsbycihithalc diages offa ddreestional sysém modd mukiedrop neegaiki ve
electric pulse of a tinme-width T of r is received by the voltane node
recei ver F08BE t he node 302, a capacitor 326 couples the negative electric
pul se to a rep| SOk B2BembilFidrAMPY BrsNEHIAGhBIE nRIEAS] ek Shkerh'
which is Iessﬂt“hé’(rjlxsc?net ﬁrgusanlc?t% of thescurrent I, . Tﬁi S I5cafjses g{gmh
t ransi st orac8@@dirtgtocbegrasentanentioansmt a positive electric pul se of a
time-width T of r, to the mcro-controller.or.processor 310. In this
respect, the ?tgsidsfso? Sé"g%r,“a‘éc P?§ﬁs‘%‘ gragaof 2 ttefrg’ﬁgirg? rOf33p agRkFagon
resistor 334e£CIRbARNS B @€ hrasmaAvériarl t er whereby the negative electric

I i f risinverted to a positive electric pul se of

pul se of the time-width T 0
a tinme-w dth Figf is.2 fhemapodlackvdiagiamcof k sepumdsambadimiaanof apapplédtiont o t he
mcro-controller or.processor 310 via its input port (I/P), thus conpleting
a si gnal ts?éltﬁg‘rﬁc§gfdd$ﬁ gantg‘erpéeéé?ﬁ’fﬂéwuﬁpocess. Referring to Fig. 7, when a
positive el ectid & BRHWEHRS cidrent MRWREL fhelveltage dhaink® ab@etkdiaNsMit to¥dhknt 0
the bus 308 after a negative electric pulse of a time-width'T of r has just
been tr ansibtemewhemea gegaiaveinydse3pBanuRingh owip thabus apd reeibed/by 2 rededver in

transi stor, 309 nei conduct-in this instance, so that the current Ir is
cut off ar%la” g?%gg{e”fe Ig&?w%{’e 'EUtr ent passi ng through the node and the DC

power source B0 MihdwltHepcurfeat @B ¥nd tWéltagt dhand® at GertdignRidE Bftihe
negligible 1~). On the other hand, at the time of the cut off of h, the
current flssWimhyheRroReHtYheulsh durarymiged ing the bus japd)receaded hp acigesizen

Cur ot oft ey PpeedSy REHCRApe 5eed S 300 %e O B br Erpb Sk iRed

clanp 324 ihFig i rection opposite to that of the current passing through

t he i nductor 322, thus %enerati ng_a positive pulse (i.e. positive with
reference to g Sothopisehp datadopme frmap yasd inviBe systed acsorindbinthedresgites t he
current p \sé'n?ri]o;lhrough the inductor 322 to decrease in the nmanner of to +
i(:) - i(tq?, romt = 0 (when the cut off occurs) until t =r, when the
current passi Bg. Shstawghtiehdatd bolsidérarat 322d wi fHe §yatdm taocdrdingl 0 thbigesent
connection, t js the tine during which the current 1o + i(r) - i(t) passes
t hrough t HBY§H@&ct or 322, namely, fromt = 0 tot = r. The current passing
t hrough the bg:di Iy 4 v~z 9 j he
manner of i(z§:1=’-' lp?fﬁ ?#Q\E}\ﬁée%a\{?b izﬁrgf,afoﬁjgae eegtg T |tHcé Séa!repg%fc%\l;\n&!ﬁf Ecgg%?r%%P 1E)ugh

t he bi - di rieedntional vol tage clanp 324. In any event, fromt = 0tot =r,
the total elegtric.current flow ng out, K of the inductor 322 and the

bi - di rectiona 1gc|1§,zﬁ)aga§a %thowmsa@e ReSPeRtEVer BRitipg Umgdithy P%?mﬁ’ﬁ%"eéi;ect ric
current i(r) gd (§9 fhro RNl [ C 24 | [ tion
opposite to tﬁé"ff'éwfso 'ltf%g}c%%?r%ﬁr %et%&i?&)%s-s %?{Q?Cb?h%oagﬁgtqyaﬁid%ctor
@2, a pogranswéssedrectric pulse of a tine-width T of t is induced and
transmitted ipto the bus 308. \Wen a positive pulse of a time-width T of r
is received byi&He Hoddimwg, chage Oﬁén%@uﬁlle@@dbgr t356ESE 9aEPt apd FPBISRN t he
resi stor %%%idal?@a&c%?&iﬁ&%%e%%%ent?iﬁge 24 and the transistor 330 conbine to
act as an inverter to invert “the pos&lvé pul se to a negative pul se of
equal time-w Higs, Mhaad 135S afeh@owichdrst sleslvingt the t e kra f€ roetiodtiop | dolltsidrt
processor 310 via its input port (I/P), thus conpleting the transm ssion
and receptdveifiagfeia signal. In Figs. 6 and 7, while it appears that the node
302 seens to At : ri, G te itself, such is.on a
il i 1 ed vl b ST ek SRl ERR A Rdirdl sur B Bl on
of el ectritge pirbse@s . inbéntidn, dftwikh syst G mdéd RBEMPOAS TB¥NAN|KEnhRMatde a
current node transmtter, while a second node nmay only include a voltage
node receiver, so that an electric pulse can only be transmtted flOmthe
first node and received by the second node (as shown in Fig. 4 herein).
Preferably, as shown in Fig. 5 the systemmay include a nunber of nodes

L T T I




-19di ode 303 is about ~ volts, the potential of the DC power supply source
320 is approximately 24 volts, and the range of frequency of the current
and voltage pulses in the node 302 is ~-~CkHz. While only the transni ssion
and reception of a single negative,' positive electric pulse | e | bed
above, it should of course be understood that, in the actL%9“§¥ah2§¢%n,
data are transmitted and received in the formof data packets. each

contai ning a nunber of positive and negative signals. In the preferred
enbodi nent 'according to the present iguvention, a positive pulse can only
follow a j | se. For this reason, each byte commences ~~ith a
negative g?%@%hcﬁfggto be di scussed bel ow). For the purpose of the

fol | owi ng di Fegssdi7anto 17D showithe tespacticte veavefmt dfatheavaiagatat We pupsteofon t he
bus/transm ssi on nmedium j efined asEa h@gic | ow state, while a positive
pul se on ?ﬁénﬁﬁ§?@ﬁﬁﬂgﬁ9§§F AUTR i'§: ttefined as a logic high state. Put
anot her way, pid 13 Q014D S iR respebBve WaNTBI bethe Snin@EREAYE Py 86y has to
be transmitt:d to the bus. If a l'ogic high is to be transmtted, then a
posi tive gqithsdouramdenibligt i@nsnmitted to the bus. In accordance v~~ith the

present inventiaqn, it.d ossible to assi different priaority levels to
di ff erent no%é%qigﬁ t“nlaé@)?g?vé er§5petcﬁ5? “taﬁg%%cﬁg %"&fﬁ?%hatgf'm“éﬁéﬂﬁﬁ ority
i s assi gngebrhasndoétahe fHaN6&:sGh Fig.dBsm tting its data/signals into the
bus. Referring first to Fig. 8 such shows the preferred data franme format
used in thisFigs2®aRrovhihe waveform ofhlah &6 supnly iseurcgpuareab diaighe sYsich a
pul se of %Oatﬂeihc}_elgef ined tine duration of T represents a data bit "1"
(irrespec? ve of ‘whether it is a positive pulse or a negative pulse), while
two opposi t e Fpail2gehoagale whvedorim oEthd indictarsonice Thresonb] the stQehepbeaent a
data bit "Q" (i1rrespective of whether the first pulse is negative or

posi ti ve)l.anaclfﬁ;byte i ncludes eight data bits, a parity bit and a stop bit
(of a tinme dutaty f ) i o the..or t
System and S ot tisit g S rAEREaRLA, A50A SEBkeR i SRURERIRT |

t hus | QUsylamp dffies syisteen eladven inrRigsiéer rate is 10,000 bits per second. 20

March 2002 -20Turning to Fib._ 10, such shows the data packet format adopted
in the presehtS-A3sthons ‘BF weypfops of dbs, voliage e aemsy %b‘p‘g’é%é‘PnF]sd%@Bé&fat ed
fromthe I 1 s agvl~aiting/idle tine (to be discussed bel ow) and
a start bllfh;8 53?%%2“’?@%%'28’ data packet. As nentioned above, the nodes in
the present $ystdmhoans thewaesogmefithertesobltagept of tileistyyteof shomimoiniRiy. 1gvel s.
Such is usually carried out when the systemis set up via the priority
setting ndul e” 318 (see Fib. ~) of each node. For an exanple, and as shown
in Fig. 11, geyess pri0fchiMadEUBbRnd 0F AMdBRd Inixed InbAE nfifiddrdy GeSidrk UP-
Each priority Tevel corresponds to a range of waitin~/idle ti'me separating
t he transsysesn accoodindat thepaedent imvéntionhe node to which the priority level is
assigned. In the preferred enbodi ment accordin' to FIQ 11, the total
waiting time (in ns) equals to the sumof the basic waiting tine (in mns)

which is specific to _g_e_fane@@yr%%fﬂfeiP}Ekh)éa'ﬁfé@di&&‘s to 7°h) and a
randomwaiting time (Th n5) Wihnin e ran-e o -Tns. For data packets
transmitted By mesandetheanedticommonl sétwotlaspstgmiiorvoltageemelde ireneski’'.gned, the
basic waiting t.i is the shortest,. nanel ms.. A random waitipg tine

(bot ween e Fagesiniod SRER HERBIS R BY FHo Im F G0 JRSFR! Fef Borh &

pr ocessor nghbdr ¥ idded/Arkiledierd Q0§ foul A€ siRRIH R Fik Of )are Wordectddto bl I8 10%0t hUS

bet ween 1-2ns. For data packets transmtted by & node to which a 7 ~ class
priority foemmet voBagespiodaadiwarkd 4wdintdapl of itie nodestttemstaveye S0, is ravaiage 7ns .

Agai n, d jti ti t Ons Lt i t hel t by th
et o contiPdF RarsBieE N, 10 E 1 EAeA RS GBCe e Sac TR BEAF A (LA e | <
thus betwgesy £ gep ab‘ssg?teﬂlo‘i'@ éép\;:lrailtfgt%: ¥néaht 6fPblebRict WVBRESE, ! ﬁ%&é%ﬁﬂ?ﬂket S

when the bus is checked to be a e for transmssion (to di scussed
bel ow), t kignais/detat wansmicéd éhrbigh theasamsmission mydiaeitel thesbas$2)garednwhel have
a rmuch hi gher apce Qf transmtting jts data packets than the node to
which a 79w%9f§3§]%?qtgweﬁyav@vex Eq“g %fjs%!mjﬁedrphagq-h Y °2@v-‘é%aq§1ri ority
| evel s ar I@g_&h b bRl | ; i e QR | evel s
can in fag? e g@%q&%&el IE cg%ﬁgﬁ’?%nl,guﬁ%drgf{({? n%ghré%igggg%%gvcggkggg%ﬁed t he
same pri oirply impeddnce Fihe sgxampwill usualia beesft aihighey Shgiingowo caedieg Ry be
assigned a 15 class priority level, and three nodes nmay Fg assigned a 3rd
class pri B¥aeRley %’&/EfA-‘*gb STRnAGEIVER USRy has 2 farming-oubcapsciy Af 43w RoMeEvehowi ng
how a node initials transm ssion of data packets. Before the node starts to
transmt a data packet, a waiting/idle tine for the transm ssion of that
particul ar data packet will be generated. Such a waiting time conprises a
randomwaiting tinme generated by the mcro-controller or processor of the

Y o




20 March 2002 node transmtter of the node nust sink a current. On the
other hand, in order to have a logic hi?h on the bus, the transmtter nust
be cut off. This shoves that the systemis of the nature of a wired :4ND
logic. In other words, it only requires the transmtter of one(gg&e 0 sink
a current to bring about a logic | ow on the bus. However, 2G:Mg¥ % have
a logic high on the bus, all the transmtters of the nodes connected to the
bus!transm ssion medi um have to be cut off. As the transmitters are cut off
when the relevant node is idle, we may;gl.so consider that a Ioglc high is

being transpmtted into the bus in th| transmtting
a logic hi# gﬁnf‘% To CERASTRYS A Ebé“ %a%% h: rcé\’ el rﬂ%{ he rSte f%f%{]éé’”
control tRepdHity. ofltHeSsylstems!t mdeesmea mﬁekmdd'ee:tmbﬂ@ ase:swm:wele@t)al S

al so using the bus by detecting if a lo |c llow is being transmtted into

the bus. CrTEmMemeds siebverts Go becbsrassed (), 1t OTe ieagity Htseréereti by.outide node
transmttle%tr xhgcgde%cqic%‘ into the bus, will have to back-off, i.e. the
first node w I'ts own transm ssion, handi ng over the right to
control the bus to the second node(s). By ~ay of such an arrangenent, the

transm ssion of the |logic |ow by th second ?9’ ‘H) is in no &go fected
thus realizi mySdBla i SYEMLfPe t“F%‘f?s SUFR suglly rHErSc s 8 WFTERb dAI%‘PR)wn in

Fig. 13, [ ! | 4l Hi. afh%ﬁbﬁ%dtﬁ)éh Rf sH3wnOiAl Eighbgha dat &
into the %@ﬁ(ds?grsg%t% f%rgo&tgnﬂtnﬁlgctlarre 1.0T), it Sche:vc ks 1:s/\l/ﬁet heréjtahe TE?J{:
correct |y Figshahes rodes/ogirent magle) transéeiners S0 cere lconpiectedi whh iascureansbuiree t he

bus, de A [l h to back- | hi d
Phe’ bue. R4S KR Sy Fiem M CoN RGBS  Iroart BF BiBiscs Ve R0 IRgyfes i gh
has been tcﬁﬁ@ﬁt@nbﬁ@%aﬁt%xt%ctrswfﬂdl a bl GH6 R ie@éﬁwer"‘b‘S ChnisfcH al st She

i nstance when a logic-h data bit "I" is sought to be transmttéd. If the
t ransm ssitmnsmiter|(agt éH:HIoAl@(hef Hemilertti Ragkatd) and qm:eo:rcr Te.gt HERod200WS |

t t bit d h b f
SO ooy e pdat R oaete iy, el 1of iftd anBerl ol TR Ui SRRt Rl
exanpl e, azhhaie thh@e ARASmAsHRGKEIE Ard mAMhs rfbtm c'tbf'cq?eg:'tr@c Bir@éht At AffSret "

during the time period 1.5T to 2.0T, as the other three nodes B, C and D
are seeki mepgnitude skank/Space) ogtsCthc oeecivep of euerent whde qu@ms}eﬁta low inpet bus.

The node A has to bakof o U|n | f lts data
packet . | tMRFFACENELY h%tﬁé‘% hjaﬁltyqtg Ol%tta#‘ gPEe?Feréncg d%bgltggg Yt can
try to trapsflithe iRinBceiveds it B&hSARWOEEE?, tor&dten}ﬁdhqmtf@nha@ho&fdftowen it
seeks to 20 March 2002 - 23 transmt the logic high data bit "1" during
the tinme peeh vill sedupe the rediabilioTof the system: dﬂ Raﬁfe‘:“ﬂ%ctf tbmtls fh EPYT BiEFUIt wo
nodes C a S 9 t in
Fo. 14 assrd 8o e Sl sl RGP’ e MniokRha bRl pPHERAL
transmt aranogiverhs giio dffatiediRor tddmple, Yourrmntemole dustemgah gudliynenpier 6od |

.0l to 2.0T), the flowhart in Fig., 15 deals with the procedure of

backi ng- ofSFV%]e‘Fia%FCﬁ'dG@ i xuchdeRisiein soheretass anty Ft%‘ébllecfﬁf ¥sthingh simple YeF a
data bit pég Fig. 13, when the node C seeks to transmt the
final date}tlg)bh éjggmehghs’to transmt a logic hinh ,of a tine duration of
T/2 to the bus in order to conplete the whol e data bi t "0", during the tine
period 4.~T to ~.OI, Again, it _has to check whether a |ogic high is present
on the bus. If mﬁ\et a@oiﬂh mpitisdren segtwork Sy Ftemon 0P sacrerdieg &Q stmpﬁea@t C has
to back of:

novever, _d° YB3 SV sl BT 2 At 8 chAE Rt BoRAGAREa mode |

to whet hertrahb&n‘ze“rﬁﬂsmaﬁescto)ﬁheﬂﬁd ithSonk @@btheniogfbrhake $yasned00 iz Hbids 1ost
duration of T/2. If_ so, it wll then continue with the transm ssion of the

next bit. nheform efirsinglgamshigided twisted nels (&N wire:  EachnpdadPadrcludesdw
wai ting tifte, ?Ht%d‘é’att&ns&?%er {@'Asﬂdsf b&@aé%%ba‘e r&% JePEtOHS’t e tr!g:ﬂat e

pr esent exarrp elrsawr ave conce

di scussi ongaatfathel kspection rddes heg ktra@tfsxfmt@cstgrralstzuatﬂwta e bhe 104 apsdthesi on of
| ogic high. The steps for the transnmission of a logic lowinto the bus by a
node are &9deG) [18Rsandrie meriverskkiaighe tespecaive modesn | 0B raceivepwignpls@aizhe bus

transm e 6 o SoRegy LAty B IR B B e BB S e
the logic tta@mmmadobyhse Rragsthitfers I®2af Atk lin RS Feh Of elb®icl Qftent loP\Wiffére®r Wi dt h.
| f, however, no Iog c high is detected on the bus, the node will stop

transni ssiraegrainde KxirkiSpace) AOrcthe dterdead, the digita] sigaalsidptatreeajved: betiteour
nodes A, B, C, D seek to transmt a respectively different data packet into
the bus at the sane tinme, at |east one node (the node D in this exanple)
can successfully transmt its data packet. To node D, it transmts its data
5|gnals as |f no other node |s transmttlng at the sanme tlrre V‘e can see

o o S o I 2 1. o o o, T A A A I~



Fig. 16 is a schematic drawing of a four-node systemin which the situation
shown in Fig. 13 occurs, and Figs. 17A to 24 show the change of the
currentl vol tage at~across various |locations in the system Figs. 17A to 17D
show t he waveform of the respective voltage vQ vb, v~ & Ig}@at é&?z

m cro-control | erl processor output (O P) of each of the fo s B, C
and D over time. As the transmitter constitutes an inverter in terms of

| ogic, vve can see that the waveforns in Figs. | 7 Ato 17D are opposite to
that shown in Fig. 13. It can be seen thht, of these four nodes A B, C and
D, only noggeRetA02DUE &5 Helbin of differént dhig htdaeo\dmeaetsldfetwmuctbttabeseek to
transmt. Fig. 18A to 18D show the waveform of the respective sink current
iQ ib, i~ and id entering each respective node over tine. Each sink
current (io, ~. ] LRl § € oy a
Cranem tter cdrpaiprpdida WiE HERBAB HAEME BUIAEH0a DiCpoer libly 3061 2

current (i &hd klvonberteri X)7, Whedtex@s ad aprfset generaiod. SThe eohvmmovtxe@lumt@ t he
bus by the rel evant node. As the naode A 302a’’ cannot successfully transmt
the first @aFentfontroiler loﬁﬁébléh iP5oviAgs 2R %ﬁ&%cwcwhé@n i TOVRSEYEER. & nk
current iQ b«';

Eranom tt e g nghi e b e W0RRe cIReR!  y Vakieh B ARRPRS I esuig
node A whemoltdgeig anoisstthanmmﬁttcnn@olleﬁsl Ochdhhe hongeh Bf Sy dura'rgdv.hxshsh@m in

Fig. 18b, s it can o cce transm,t e first data bi

there is o |e9m§ Wel"’éré)lﬁ}d/ﬁo‘gt?& ﬁr‘i{% |°ﬂngﬁu?re]:d§ '&PP%‘W B’)pafr?‘liﬁln"flglto | b
* howhen the sirdddt dntrof®d168¢s &l i?o?faog%ﬁtrgl]ér (5o Bhled BAAHEN tt@%lth&k whi ch
Ib is the baslic system current 20 NMarch 2002 -2~flowing into the node B
when it i scomwtererjabbhi tfhingoli#degsontrb8er dhdl eb8deshbay thieelettanganefit fos

t i~,apd id fl [ t. de C 302 d D 30?d' t I
Filge.  10A SO SRANERS MVorBlPORoRHE e BF S AHCie CUeEe v

1-~, 1~~) otraﬁﬁﬂstlsﬁﬁ%tﬂhteoummao %é%@ﬁér%?@l?é%ﬁao%l&r@zfol]@@@m?Jt& he
nodes A, B, Cand D. It can be seen that all mcro-controllersl processors
310 recei veniuheﬂearmhmmpestharﬁ or¢ tensmival | (Aal ase sransthituhg sonyltespousty. the t he
el ectrical pulse tra ode D as indi,cated i.n Fi

meant ng. ¢ nEPSE PHES BV AbaEE kY B Rl R o & pl R g Beeebhent oved by
t he node D_gnty, and such are the only data that can be transmtted
successfully into the bus 308. The v~.-aveformof the total DC current i on
the bus over tinme is shown in Fig. 20. The total DC current i on the bus at
any tinme is, anpl.e. the sumt ot ( i gs.
1A to 18D ath FRACHERAEENRL o Afe RS &) Sim o g Qb prePB iy eptiSEE T
(assum ng EWin §dtentatlaﬁlgmntmer4 CTRk 8dteri200a8d1u8s 4 RSk powen PSS 162 |,
and all the nodes are transmtting the start bit si mul taneously) in mhlch
to is the elsewicalycpaprctad wwivgynedrscldgh 2. sybe awwrwprknpoisernvaaly 802 is
transmtti t I

to the ol corrritady iulRa W bRl hln e KR e b W3 A SLESRER 2,
poi nt of tuﬁﬂudau£h~$&d%hﬁmemmuﬁng 21. It can be seen that this current
i~is always no less than 1o and no nore than lo + |I,, and varies in
accordance with the electric voltage vp across the bi-directional clanp 3?4

(to be di scussad hel,ow Cq\@g, shiyl 82 SRR HE V%,Lews@%ct 2PEHER 4 divernes

bi -di recti onal tage maxi mum
value is 4@mh1\¢hemsahsl afmilde @ﬁﬁmoﬁ\ depaisingBe 30rtbnt céht&ﬂlé@ inahe fdn3@2c are
transmtting the start bit of their respective data packet. It can be seen
that ip nagorsanpdyctars Ifangra @ltaegawméler/amm@t tcsu@hagﬁeeqmyertﬁram theforewet ent

P ongh ¢ e dier i VERCTERRER, B AR b e Ul aipdnp e’ 1S

vol tage vpragnaas dfhéobégdDIactd1aBadranpd %9%afa'llémuﬁ%ﬁpoﬁtécﬂxré&toﬁbomd n
Fig. 23, and it fluctuates between a Q£05|t|ve ‘clanp volta

negative @u@#pﬁwm thegPC powen spureee2Qfopasagretivough thﬁ:elnldustOBgQQ bsﬁm'h it i shown
in Fig. 24 88 f (f‘t g}at g)ogetween Vo + Canp Voltage and Y o 20 March
2002 - ‘5‘&% in which Yo is the electric potential of the DC
power sour ce 320. V~% can therefore see that, when the current node
transmtter 304 transms, an AC conponent of an anplitude of Canp Y oltage
is superi rrposeﬁmmdﬁ@%n&zbﬂdﬁag@urrmtumOdeadahzhitg:rtZHé (dmniuéngimémfstor
electric c ent intg electric vaolta it e a f the
ol sctric vort 3gbeatudoreftive simer shiiie e band ebadEoRryaerciioy ae | n

the transmtter, so that the anplitude of the electric voltase is not

af fected even when several nodes are transmitting at the same tinme. ' The
above analysis is made on the basis of the basic structure of the system
100 shov m|n Flg 3 Stated 5| rrply, the system 100 |n Flg 3 |ncI udes a
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_?~_ (e.g, HCPL-4200 of Hew ett Packard). As to application nodul e and
current node transmtter, one nmay adopt the structures di scussed above. As
it is not necessary for the voltage node receivers 410 to isolate the DC
power potential fromthe bus, no input capacitor is required.. As % ussed
above, one of the mmjor advantages of separating the power2%MaH°tP barft he
signal path is that the current controller 108 shown in FiQ 3 is no |onger
required. On the other hand, one of its major disadvantages is that, with
the increase in the nunber of wres in\lléhe bus 406, not only is it not

possible to realize polarity insensitfl E{_X the chance of ms-wiring wll
al so i ncrewsat cappling eirgHt 2R dirersiyeepswlasithe RC prmentrin she Ry 886 wihile met bus
406, theregqs: - ¥ ' 9 400 Wit h that
s shown Feg s B SR BT8R R 30 T8k bl 30ed WaY BbERAS "

t ransm ssagplicafios ngptials 2Dy imshuding bamcaneommadier 40 Brocassdr 232 Sohhdctdl to a

real -ti me-response and w red-AND | ogi c syst7em The priority setting and

col | i si onsems@le 28hniinthisaemBAdimenh die FeBdiss¥disaBole foFn of asvaeh mphenent ed
inthis s 40 t . a ' 1, SCUSS t m xed
node mul t|¥ rsg%brné'?\ﬁoirskcg@nset%{eéraﬁ %’cfé%?g}u?%ﬁt%&f ﬁ(g?%)’r”'gggﬂgté {ﬁz%lé%{alﬁgéﬁ%oggesses

t he fol | opiorngssar22h{ageBNHE 860641 aeties), which sonttols S bperatiet whHthe @yrrhem
successful |y conbi pes_the_advant ages of volt Jmode networ ks and current
oo oyt B TAGSTIET PheeT 06 FETe COHRMEC A D Gr S sy & odergor

i npedance & ' EUNREK XY RBuFS HeBedan n flow
t hr ough tﬂreoq’smﬁ? gﬁ%eg]lﬂ%ég[hn \t/di,irg?ahgguidyget?i) st ans?e (\gﬁit}gﬁwgﬁﬁggggsq?ﬁe%pgﬁati on
of a |i nktheonero-symstta@ier or phaessor 222 es elsc somieck@ tofthe-OuB&tixonplingdeircuit
effectively filtered Such charuacteristics7 e articul%#t% [ ortﬁ[rslfj for a
control syt BRETeRNUEE MY FRAUOIST QT BIOCERRT Fof IS £1iR PeYET th e

net wor k ageRédionscel WetdrehPE@RSAAL | nvention is nore advantageous. B. Such is

a link power network system allow ng the simultaneous distribution of
power and signal s/data along the sanme twisted pair wire. Such all ows easy

installation the users,,,and enhances the intearation of_ fhe nodes wth
the - 20 Nar b $0% B58hepifr Rach HRLERR 4 VEutdemied it R bue A oupl ed
fromthe 1§ chiguR 26Q6H AM¥ridge rE@iTler 900! 6. in CEast F WP BBENAE i s Of

a high inpedance) thus causi ng}vm nimal effect on the signalsldata in the
bus. | n aeid¢uii &3 intthe npdedteeheeusrenhcaipbing aireyit 2&himathe node R4l dideatiyr ect | y

Si ze and aeietpe BYEL @R A A 0Bl BT e Mg R G,

system ado@d.s Ade ipblesle mode Meeives APEDRuSH HghalesnsbalHed2tvanEad pair
(UTP) wre as the bus/ transm ssion nedium As there are only two wires and

they are WYET®F clpyit pBIcliding respeeraudBapfl3fhe2bly apd o tansistpe248380, The32
shown in Fja.:.4 . dj i,bi | 1,.S- W [ ] does
ot oxi ot i 2 IChORHERRT kbl pHIRORE st toRo o Bt

Wi ring. D2435ufhniapplcatioaanbdidt 228 dongipuaing thy ele@tfid puldéy ©Bei®ad fronP R can
function | ndegendent ly.. It is thus relatively easy to expand the system In
addi ti on, PehéV% iuecihe TSIRePKIadles o8 Rrpeesserz¢%o  dRenmicesips pEsesh elecisic a

non- mast e[| I ' rSt t 1] i ch _each node may
be 2 mast Eiren i Rler 0 SBERAR AS Bk R 38 e kg o S ER R S ene

to the buprogddurthgivei ot oo AccooEsli Madule 2445 td@REBrm! s Vichntrol
signal s/data.into_the bus. E. Such a network system adopts a random access

control nRHANS. | AR s cembadimeriddhe somtrelonedule R4t insldes ankight hull 246
oo 10t AECH . ' of Bl ority.
cotti ngy Vpih PHILBF SirE of sidteeb B b derd i OO EANG ribeel P HAB el i e

the effi cibenficrofconvomerndrcgiot@somp4hi %Eftﬁrﬁﬁﬁt@.?alingrﬁrdzhezwrn%m&ek iat y of
the nodes. F. In order to achieve the collision-free comunication in the
present i &Aehtdiede 28hdopmsevdingsy segulnted sandsstakle dirnstripowvesfsource to the

character}3tigss6. The Vpp of the micro-controller or processor 242 is also connected to

the current coupling circuit 234 whereby the micro-controller or processor 242 is also

powered by the same DC power source 208 of the system.

It can be seen that a complete communication and control process can be



(a) an appropriate network structure - the network structuire in the
present systemensures that even in case of nultiple sinultaneous access,
the digital signals in the transmssion nmedia will still present a
predeterm ned togic state, i.e. no uncertain logic state will exist and all
| ogic states can be effectively identified; (b) an access 290March 2Q82c hani sm
of imedi ate response - the receiver and transmtter in each of the nodes
are controlled directly by a mcro-controller or processor, which can
ascertain the state of the bus on a real3tine basis. 20 March 2002 - 29
Wien a nodge d4ateels, teGoblemSIMWin whick dheRAKswiiéh Eohstituthic BBdedse} 224 in
appropriate data format and communi cation protocol. G |In such a system
even if nothe applinabremeduls 341aisshased.ciledtae pulses aracpied by sharurhe sode

hus roal | SERGT BB 71 OR et RITER e ks 208 Sheb il Bl R ABREC

of differepf 1R ivlthéd @fodar RcEistaRé Diiale node i20gbaarie iripatte®finfoUtié micro-
conmuni cation, a node to which a higher priority is_assigned will have a
hi gher chagedradfer l9e PrRFCSIOF @42 40 CRBNE Aistenah vhieh iy ‘@aths fpme wéthe lightingumh a

systemis sujitabh.e-for ' -ng. ou g{&?? i€ QTOALHE G At

control fu?}f(‘:'ﬁe(;‘ngg?_EQ%H%&}%%@%EXQIH V\ﬁa{ale?s Cg’?er{ég I'S: nggﬁhg?béﬁqﬁ% dat a
comuni cat DOnpéeEmEulicesYE8 mhe nvakiogk ngiea 204ue204bunp yppiearisn anduks 20east
two nodes, wherein sai d;é)omer sup Iy_maar% and said nodes are connected to
one anot he?4yphths WFEALASs! o INA3BY WEHF}@‘F‘QIU@-"&%CM%@HW“ in

.this system.

It can also be seen that, because of the existence of the bridge rectifiers 230, 232
in the respective nodes 204a, 204b, no mis-wiring will occur in the system 200. Take
the node 204b as an example. According to the present connection, the electric
current from the DC power source 208 will flow (in the convention manner) into the
node 204b via diode 250a, and return vig diode 250b. Even if a “mis-wiring” occurs
(as shown by the dotted lines in Fig. 4), the electric current from the DC power source
208 will flow into the node 204b via diode 250c, and returns via diode 250d. Such
therefore ensures that the direction of the flow of the electric current in the node 204b
and the application module 243 is the same irrespective of the way in which the wires

of the node 204b are connected to the bus 206.

It can also be seen that, as shown in Fig. 4, the bridge rectifier 230 inciude two
terminals coupled to the bus 206 for providing a non-polarity interface with the bus
206, in which the bridge rectifier 230 includes a + terminal and a - terminal. The
current coupling circuit 228 includes a constant current source 231 with two
terminals, one of which being connected to the + terminal of the bridge rectifier 230.
Another end of the constant current source 231 is connected to the - terminal of the
bridge rectifier 230 via the zener diode 229. By way of such an arrangement, electric

power is supplied to the application module 221,

The transmitter 216 also includes the transistor 218, which includes a collector

coupled to the + terminal of the bridge rectifier 230, a base for transmitting data to be



are transm ssi bl e between sai d nodes, wherein said power supply neans
supplies electric power to said nodes, and wherein at |east one of said
nodes includes a current node transmtter and at | east one of said nodes

i ncludes a voltage node receiver. 2. The systemaccording to Claim1
wherein at | east one of said plurality of nodes includes 20dViarcBrA00¢nde
transmtter and a voltase node receiver. 3. The systemaccording to Claim?2
wherein a plurality of said nodes include a current node transmtter and a
vol tage node receiver. 4. The system acgprding to Caim3 wherein each of
sai d nodes_incl.udes urrent 1; r : receiver.
The. syst e SLBBRE HoE BT TR i L A T R 2 T BT G

unshi el dededdmcstiRdeRitick ofith® rafisistdh €18 st ean anether @hdgo tthe Cl 1@itiind! whefeei n

sai d system includes pul se generating nmeans, through which electric current
from sai d b@@@rreﬁﬁ&%ﬁﬁonﬁfah%mﬁwé%e & aRERSEI08 Q}-‘gﬂl{t&g@ﬂﬁ}dpgé_ 7. The
system according to Claim6 wherein said pul se generating nmeans conprises a
current to voltage converter nmeans. 8. The systemaccording to Caimé6
wherei n sai d dleseridgnescafien@3ddaclades teonmasineld ¢ouppal &b Itké Hue H6cfurr ent

controller. 9, The systemaccording. fo C ai .wher ei aid power supply
means corrp?rloé’éjén%alﬁén F}'é’&’ﬁffé@. ‘g’i‘%.ﬂ‘%‘és g@éﬂ%ﬁﬁ%@bﬁ?ﬁ?ﬂf&ﬁtr& eéi%‘?s-l
wher ein Sain?hugi_% Lag oA An@GLI Ye%idaﬂ‘.c'M%n?é&ﬂﬂinkoéir&?@?ﬁgicmﬁ% Ler
means. 11. A digital data conmmunication systemfor délivering digital

si gnal s fromstnt curentsowne @3 7 mathswiottemmingls, enevadl whige beind eoneexeddsenthe sai d
system i ncl udi ng: .an .el ectri cal cqQndycti v bl e coupling said ... .

Y anem 1 BT 651 YRR vstene a0 D Fiopf DE REPSRY HHO0 iR 2 gl tal
data commugiatle@ns tRAL RermlMal RAWRE bEURL rdctiTRANS2 h tH AHeE IdNeHe35. By

pre-determned electric potential, 20 March 2002 1? 13. 14 1~.
way of such an arrangement, electric power is supplied to the receiver 226, The

receiver 226 includes the capacitor 236 coupled to the + terminal of the bridge
rectifier 232 for isolating the direct current potential on the + terminal of the bridge

rectifier 232.

A second embodiment of an application system according to the present
invention is shown schematically in Fig. 5. This system 300 is very similar to the
system 200 shown in Fig. 4. One of the major differences is that both nodes 302a,
302b include a current mode transmitter 304 and a voltage mode receiver 306, so that
each of the nodes 302a, 302b is a transceiver capable of both transmitting signals and
receiving signals via a bus 308. Inter-communication is therefore possible between
these two nodes 302a, 302b. As the structure of both nodes 302a, 302b and their
connection with the rest of the system 300 are the same, we shall only discuss the

node 302a in more detail.

As shown in Fig. 5, a transistor 309 of the current mode transmitter 304 is
connected to the output port (O/P) of a micro-controller or processor 310, while the
input port (I/P) of the micro-controller or processor 310 is connected to a transistor
312 of the voltage mode receiver 306. By way of such an arrangement. the micro-
controller or processor 310 can control the transmission of signals/data into the bus
308 via the current mode transmitter 304, and can receive signals/data from the bus

308 via the voltage mode receiver 306. The micro-controller or processor 310 is also



16. _31 _ said power supply neans having a first voltage termnal and a
second voltage termnal; current control neans coupling said first voltage
term nal of said po~1 er supply neans to said cable for providing a first
electric current path, said first electric current path o eratln a | ow
i npedance path for DC current; voltage control neans conn @$@Hch% girallel
with said current control nmeans for controlling the voltage anplitude
across said current control nmeans, and for providing a second el ectri cal
path for transient electric current; coppecting neans coupling said second

vol tage terp nal.Of, ??%ﬂoﬁﬁ%%n&g%hé-omﬂﬁlctﬂés ielofi@lich bt BLRKLACOR

power di stFrDuUtion erelrn sard current no nsmtter 1's coupled
to said cab&hecﬁ are asrmﬂsemsad ab@vea Auwoeway digita] datharesworkssyisten famsnsincer
produces current pul ses in said curr perform a current de

B oo 4o fameim OB PG ron ol W reaired 1 BE PSRk O BHier il
coupl ed toﬁfssl EoriABleg {d {05 ﬁﬁ&rﬁ?%e‘&ﬂug}’%éﬁ&eaﬂ)&” B82S fiktioAl &F %b&rp“rsmosluced

by said voltage control neans to performa voltage node digital data
reception. dseesssgdebw.according to Caim 11l wherein said conductive cable
conprises a single tu~~isted pair wire. The system according to Caim1l
wherein said current control nmeans conprises a cored inductor. The system

according to Ggi @%Wﬁ"ceﬂu&eﬁﬁﬂdeﬁici figevaiapt cBhnd®anse Oirf€sn ghe
bi - directional Vol tage clanp. The system according to O aim 11 wherein said

pr e- det er msyssemel e wher ap@getmq nulsq i tansEutEad intg the bus 308 end rethived Pytaem

a1 vol Uafieite Peee DErAdhg .8 b Rackt FRlcofRER RRJERTHEn A

t er Tni nal s wGHEPhedoli®isSwirdntaik and @atamwmmgtha Bm@fB-OBOHﬁrthffs)él*txittcﬁf trace
with said cable, said rectifier further includin~ a + termnal and a -

terminal : Hapgsof At Buthesurenumede fepsmifies X0dr of thamedils (@ withal Thend a

second cur ! CUH, e dto
said + ter En%ﬂ rfl tg ﬂgéez%’\’%& #ﬂl‘éﬁg’fg g as(éfgn&efrtﬁeg?}é%}g {:O%HaﬂLr &s%rgl %%srgcond
current tenmp nzalovaf Thatedeivansdlagt (c,ymmdemh voltagecat th@I/@ajfdhe n’h&bmoﬁ&bl ef said

rectifier to provide_a power s ﬁ? to said transpitter._ and sald receiver.
17. The sySf BIRSEFSOCPAP i§ aleo {aver Brerbusaoliags is fenndithe bryjHHSHTSME Jades:

When the sensor 314 is actioned upon (e.g. a switch is closed), the micro-
controller or processor 310 of the node 302 senses this state and outputs one or more
pre-determined data packets with a series of positive and negative pulses. If a
negative electric pulse of a time-width T of ris to be transmitted into the bus 308, the
micro-controller or processor 310 will output a positive pulse of a time-width 7 of r.
When this electric pulse is received by the transistor 309 of the transmitter 304, the
transistor 309 starts to conduct and a sink current of /; is induced and transmitted
towards a DC power supply source 320 via the bus 308. As this system constitutes a
closed current loop, the electric current flowing therein would increase instantly from
Ipto Ip + 1. (In fact I should increase instantly to Iy + I, — J,. However, since /, is
negligible, such is not taken into account here.) An electric current of Jp + i(2) will
then flow through a cored inductor 322, while an electric current of J; — i(z) will flow
through a bi-directional voltage clamp 324 in the same direction as the current Jp +
i(t). It can be seen that the combined electric current flowing away from the inductor
322 and the bi-directional voltage clamp 324 is / + /. The component i(?) in both of

these electric currents varies in accordance with the time during which the current Jp +



a transistor with a collector coupled to said + termnal of said rectifier,
a base for inputting data to be transmtted into said transistor, and an
emtter; and a resistor coupling said emtter of said transistor and said -
termnal of said rectifier for inplenmenting a transm ssion output current

| oop. 18. The system according to Caim 16 wherein said ref:Margh 204 udes
an i nput capacitor for isolating the direct current potential on said +
termnal of said bridge rectifier. 19. A digital data conmuni cati on network
system for distributing power and for p¥ovidi ng signal passing capabilities

through a jWipasseaiidole! WMerikdidiet 320, Aramedy, Fhau aki @ yo of Magethedadhtdrzdudi ng
a m xed node data bus transceiver for generating electric current pulses
and recei vaciyase: eerenteongpliergwhish pseventsathe suddan ingegass ot Brgdilesw iof electis e

| i i d_nad it t t i de_; h f del i
i dat s cOrA STt atnd Bl o 8a 1% 5 vt Bl tpet %o LT
pre- det er n, ng¢h/hRE DT Soltsaphlyd20 HagkdlpRQWaradaitiphY eleBA0 TuleM dTg, 2id) I st

voltage term nal and 'awsecond voltage ?er‘(n nal ; current control mneans
coupl i ng sthrahghi tha higlitegyenal eveitagsl ciamp af 2, puiigh Algplartheans voltags d

cabl e for DLovehga (3l PoRUELETS Ll L TIRIRRSS. AR eoXOLLAgE pRIT 1 O

nmeans conne Sai d current €O ol rrean ol ling

the vol t age Jasfrhé budlentasspebthe aivstemB00RSincoM elettriteaRenafldwd tisugh fig a
second current path for transient. current; and connection neans coupling
sai d secorhl‘d)tﬂctlak}ﬁ voltpgs alampoi24sinithe Seme (direction as the current flowing through

the inductor 322, a negative electric pulse (i.e. negative with reference to V) of a
time-width 7T of ris induced, which negative electric pulse is then transmitted into the

bus 308 to be received by other nodes of the same system.

When a negative electric pulse of a time-width T of 7 is received by the voltage
mode receiver 306 of the node 302, a capacitor 326 couples the negative electric pulse
to a resistor 328, thus drawing a negligible electric current /, which is less than one-
thousandth of the current /.. This causes a transistor 330 to conduct and transmit a
positive electric pulse of a time-width T of 7to the micro-controller or processor 310.
In this respect, the resistor 328, a resistor 332, the transistor 330 and a resistor 334
combine 1o act as an inverter whereby the negative electric pulse of the time-width T
of 7is inverted to a positive electric pulse of a time-width 7 of . This positive
electric pulse is then inputted into the micro-controller or processor 310 via its input

port (I/P), thus completing a signal transmission and reception process.

Referring to Fig. 7, when a positive electric pulse of a time-width T of ris to be
transmitted into the bus 308 after a negative electric pulse of a time-width T of 7 has
just been transmitted into the bus 308 (as shown in Fig. 6 above), the transistor 309
does not conduct in this instance, so that the current / is cut off and drops to 0A. The
current passing through the node and the DC power source 320 will drop instantly
from Ip + ], to Iy (ignoring the negligible I,). On the other hand, at the time of the cut
off of I, the current flowing through the inductor 322 is [y + i(7). As the current

passing through the inductor 322 cannot change instantly, the surplus current of i(7)



supply means to said conductive cable to provide a power distribution path.
20. The system according to Claim 19 wherein said conductive cable
conprises a single twisted pair wire. 21. The system according to C aim 19
wherein said current control neans includes a cored inductor. 22. The
system according to Cl aim 19 wherein said voltage control oaarchr2oades

20 March 2002 - 33 a bi-directional voltage clanp. 23. The system accordi ng
to Claim19 wherein said pre-determ ned electric potential is substantially
24 volts. 24. The systemaccording to Claim 19 wherein the frequency of
said pulses is substantially between kHz to SO :Hz. 2~ The system

according t aim 19 .wherein each, o 'sl_izzit, nodes_i ncl udes

m crocont r\?ﬂq} ngp%%‘@s%FPl%’.“‘r‘H&‘ § %_r‘r?%&&rcgfﬁgé? 8%?%1%7%"1‘55%&%}1’& n

sai d data hitent p2RSGAWMRICHIREInddest 320, Mhisdanefaank ol doafiepuldegi.a fdshsle and a
second connection termnal for providi 3% a non-polarity interface with said
bus, sai d wigktreferanceftardem thechusditfy dhe nositiverpilsepel ggneratedr ¢ausel thea
current node transmtter coupl.ed to id+ termnal and sakd - termnal of
ol a0 r ect | AT PRI CIRE H B PR AR TISE FoRe TBRGE Phip S11Eet oI
current puk§as < 0 ($aks aRUsnte® fRutImipr U WaRh hOegTdAtAsdifARSMASHRN; a
vol tage node receiver coupled to said + termnal and said - Termmnal of

sai d rect iihidwstor 32 will Gatletover Iy thiseionhengionod is algpetime | dsisisg ovhichathe duorent f
performa vol tage node data .reception;_ and current couypling ns coupl ed
to said + ‘fé(rain“rféfﬁ Patsas P‘dghgiﬂégéﬁ%%fww ng*apfy, f’@EHri 0 5 PROGHENg a
regul ated di.L:eg L !biSHRRE ' 9@ 1
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i ncl udi ng:ofai(r angj.stWhemir t=h 7ane @ldcaid onrremupillefadsothsaighl thetidrditesadna0f sai d
rectifier, a base for ig&utting data to be transmtted to the transistor,
and an emivdiiege chmp 324 elsi gyorvenaliony’ a Ofter st 7tthe tatalalecd preentfloveag d

emtter of sai.d t.ransi st . S€ termn C | ed~t.0.said - .term nal
oL er Ol TR theRA0ILALE i i 3500RA H AT ASL SO ROp8 il
transcei vedr thpGldeties caréRGed ety medusithe bi-dirkéaiial Sladdp 904 h @ GRkligst or
coupled to said - termnal of said rectifier through a resistor for

out put t i ngppbeitdeat the floveof/td durrem Hat d7bus)) tnchigh thasmjucannd 23, & apsidive or
coupling said base of said transistor with said + termnal of said

rectifier G¢HBOEWSEOF @ dmerwidth §iof Finipnduredandriranemiggdhintqths dug 3B%s .

When a positive pulse of a time-width T of 7is received by the node 302, such is
coupled by the capacitor 326 to the resistor 328. The resistors 328, 332, 334 and the
transistor 330 combine to act as an inverter to invert the positive pulse to a negative
pulse of equal time-width, which is then inputted into the micro-controller or
processor 310 vig its input port (I/P), thus completing the transmission and reception

of a signal.

In Figs. 6 and 7, while it appears that the node 302 seems to transmit the electric
pulse back to itself, such is only a simplified way of showing a complete course of
transmission and reception of electric pulses. In an actual system, a first node may
only include a current mode transmitter, while a second node may only include a
voltage mode receiver, so that an electric pulse can only be transmitted from the first
node and received by the second node (as shown in Fig. 4 herein). Preferably, as
shown in Fig. 5, the system may include a number of nodes each including a current
mode transmitter and a voltage mode receiver, so that each node acts as a transceiver

whereby electric pulses may be transmitted and received among the nodes/



29. The system according to C aim 26 wherein the current coupling nmeans

20 March 2002 -34 includes: a constant current source having a first
termnal and a second termnal, wherein said first terminal is coupled to
said + termnal of said rectifier for sourcing a constant current; and a
zener di ode coupling said second terninal of said constant2CMerene00%ur ce
and said - termnal of said rectifier for providing a regulated DC voltage
source. 30. A transceiver adapted to transmt and receive digital signals
on a data bus which delivers direct curfygent power and digital data

si mul taneo%lrslgr/ .vsri d transceiver including: a bridge rectifier having two
connecti on F-%cﬁ% fal' s adapted to provide a non polarity interface with said
bus, said rectifier further including a + termnal and a - termnal; a
current node transmtter coupled to said + termnal and said_- termnal of
sai d rectifierAf 6an jaifel Bensern the 2061 PPe inclugey 2 RfidacerrctifepPéfuviah évect ri ¢

curtert PSPt A aaka B SRR Gt b S Brd s o
sai d recti firter isAidksr€atrvanalbmidrg- sdmiriabd The quereat weodel eaistriigerVad4tiage

pul ses on coupled to the + terminal and the - terminal of the bridge rectifier 336 for
implementing a curent loop for producing electric current pulses to the bus 308 10
perform a current mode data transmission. The voltage mode receiver 306 is also
coupled to the + terminal and the - terminal of the bridge rectifier 336 for receiving
voltage pulses on the bus 308 to perform a voltage mode data reception. The node
302 also includes a current coupling circuit 307 (including a constant current source
305 and a zener diode 303) which is also coupled to the + terminal and the - terminal
of the bridge rectifier 336 for providing a regulated direct current supply to the node

302.

The current mode transmitter 304 includes the transistor 309 with its collector
coupled to the + terminal of the bridge rectifier 336, its base for inputing data to be
transmitted to the transistor 309, and its emitter coupled to the - terminal of the bridge
rectifier 336 via a resistor 338. The voltage mode receiver 306 includes the transistor
330 with a base and a collector coupled to the - terminal of the bridge rectifier 336
through the resistor 334 for outputting the data received from the bus 308. The
receiver 306 also includes the capacitor 326 which couples the base of the transistor
530 with the + terminal of the bridge rectifier 336 through the resistor 328 for

providing an AC path to the bus 308.

The current coupling circuit 307 includes the constant current source 305 with
two terminals, one of which being coupled to the + terminal of the bridge rectifier 336
for sourcing a constant current. Another terminal of the constant current source 303 is
coupled to the - terminal of the bridge rectifier 336 via the zener diode 303 for

providing a regulated DC voltage source,

In a preferred embodiment of the above system, the working voltage of the zener



said data bus to performvoltage node data reception; and a current
coupling neans coupled to said + termnal and said - termnal of said
rectifier, said current coupling neans being adapted to provide a regul at ed
direct current supply to said transmtter and said receiver and other neans
in said transceiver. 31. The transceiver ~~ cording to O 20MachweBRei n
said transmtter includes: a transistor with a collector coupled to said +
termnal of said rectifier and a base for inputting the data to be
transmtted, and an enmitter; and a resigfor having a first term nal coupl ed

(2,581 STyt oBldl U Q0L lar 5L L SlerSoUBled 8,801 ¢ -

t er m nal 0‘1;1 er . anscel ver cor di

wher ei n Sahﬂ)réﬁﬁﬁitéd?f.?ﬂMﬂsyéﬂﬁﬁhe&aﬁ%eaﬂsﬁrsq&hcwa theacednt aat ablisguplion to
said - termnal of said rectifier through a resistor for outputting the

dat a recei ingtiic na@ri3@2 isaxe0kAhd a capacitor coupled with said base of said
transistor and said + termnal of said rectifier through a resistor, and
bei ng adapted to provide an AC path to said 20 March 2002 -35 bus. 33.
The transcei vé¥hie enlydihe granemissimnmndGevdpeioai of assinglecnagnend/pontyd elagriveans
I ncl udes: . .
pulse is described above, it should of course be understood that, in the actual
situation, data are transmitted and received in the form of data packets, each
containing a number of positive and negative signals. In the preferred embodiment
'according to the present invention, a positive pulse can only follow a negative pulse.
For this reason, each byte commences with a negative start bit (to be discussed

below).

For the purpose of the following discussion, it should be understood that a
negative pulse on the bus/transmission medium is defined as a logic low state, while a
positive pulse on the bus/transmission medium is defined as a logic high state. Put
another way, if a logic low is to be transmitted, a negative pulse has to be transmitted
to the bus. If a logic high is to be transmitted, then a positive pulse has to be

transmitted to the bus.

In accordance with the present invention, it is possible to assign different priority
levels to different nodes in the system, so that the node to which a higher priority is
assigned has a higher chance of transmitting its data/signals into the bus. Referring
first to Fig. 8, such shows the preferred data frame format used in this system. This is
a “Manchester-like” data coding in which a pulse of a pre-determined time duration of

‘61!’

T represents a data bit (irrespective of whether it is a positive pulse or a negative
pulse), while two opposite pulses each of a time duration of 7/2 combine to represent
a data bit “0” (irrespective of whether the first pulse is negative or positive). Each
byte includes eight data bits, a parity bit and a stop bit (of a time duration of 7). In the
preferred embodiment of the present system, and as shown in Fig. 9, the time duration
T is 100us, and 772 is thus 50us, so that the data transfer rate is 10,000 bits per

second.



a constant current source having a first termnal and a second term nal.
wherein said first termnal is coupled with said + termnal of said
rectifier and adapted for sourcing a constant current; and a zener diode
coupled with said second term nal of said constant curt ent source and said
- terninal of said rectifier, and adapted to provide a regdMarel2pg2
electric voltase. 34. The transceiver according to Caim 33 wherein the
wor ki ng voltage of said zener diode in said coupling neans is substantially
~ volts. 3 ~. The transceiver according to Caim30 wherein the
pre-determ ned DC potential of said pbm@f I's substantially 24 volts. 36.
The transcei vBurningctsr Bignd O suah shawssthe\dsz dasket Hermainadopstd iy thgurrmespt of

said current._an ol e S i | . | ' ) 7, The
transceiv }'Stt?a’gmcﬁ{} #ﬂ%@g«:&ngﬁéi%{?&s&a %lrﬂgelttr%gsgl daq %at/ 89{ ﬁnggfggg‘l&ﬁgcélz%n gosy %1

ni cr o- contwdlinIdIPtifeqsshy dischsSed Belowe) amida sthrtbitrofithe elldvaing idatagatketed mode
comuni cation and control network s;~stem wherein said systemincludes at
| east a first node, a second node, a power supply neans, and current to

vol tage COHVEA% %en%ﬁ@?aﬁmn%tﬁcfhe\é"iiﬁ IO BRs SR URE Yhifiod JRlitnedCERLd 2110

the steps of: generating at least a ctric puls y sald first
node; (b) pturalitynoft griorigy $eniedk. f Buchtis ekedlyr ¢agripdibstewhen el gf o sesupplig neans

in the formof an electric cur t. (cC).causi figst electric current
from sai d%ﬁﬁ?“@’uﬁ&lgﬂ Rogh ‘E@egﬁgé%'h?)o%;?ﬁcggf%epu‘{;?reﬁ SXYRs) F‘%fgés
converter sARAASH Mgl NHUER eAtpriotids leR]sS EFGGhe! IECTY tHe PO) &R seang. (®hch
transmtting said Second el ectric pulse into said bus. 3 9. Thé nethod
accor di ngptiorich kival Grésphrdsciors magel of wagtingdidéactime separiating ithe yansaissien

of data packets by the node to which the priority level is assigned. In the preferred

embodiment according to Fig. 11, the total waiting time (in ms) equals to the sum of

the basic waiting time (in ms) which is specific to each particular prjority level (1* to

7™ and a random waiting time (in ms) within the range of 0-1ms.

For data packets transmitted by a node to which a 1% class priority level is
assigned, the basic waiting time is the shortest, namely 1ms. A random waiting time
(between Oms to 1ms) is then generated by the micro-controller or processor of the
particular node. The actual total waiting time is thus between 1-2ms. For data
packets transmitted by a node to which a 7" class priority level is assigned, the
waiting time is the longest, namely 7ms. Again, a random waiting time between Oms
to 1ms is then generated by the micro-controller of the particular node. The actual
total waiting time is thus between 7-8ms. As a node will only attempt to transmit data
packets when the bus is checked to be available for transmission (to be discussed
below), the node to which a 1* class priority level is assigned will have a much higher
chance of transmitting its data packets than the node to which a 7% class priority level

is assigned.

Although only seven priority levels are assigned in this example, a different
number of priority levels can in fact be set up. In addition, more than one node may
be assigned the same priority level. For example, in a certain system, two nodes may
be assigned a 1 class priority level, and three nodes may be assigned a 3™ class

priority level.



by a mcro-controller/processor. 40. The nethod according to C aim 39
wherein said first electric pulse is generated by said

m cro-control | er/ processor upon a change in state of an application 20
March 2002 -36 nodule. 41. Tre nethod according to Caim38 wherein said
current to voltage convex ~e; mea.~S i s connected in paraEOMamhﬂﬁoa
cu.-rent control neans. 4''. Tne nethod according to Claim 38 wherein a
second el ectric cur,-ent pzses through s3id current control mea.~s when
said first el efig. |1Q 1swmcrpmsmnghow®ns¢u uhitials tramsmission \od|dasgmackets.

converter rreans ~. The nethod accordi aim42 wherein th
nmagni tude JpelaEs dh"sélﬂ?ﬁdS‘éPéc'tOr frangpil. %ng| aE,a§ iy "’th‘V%Hﬁ?—fé‘él anu?cgnfhe
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said first electric pulse is opposite to the polarity of the second
el ectric pub swailable/free for ransmission. If not, the waiting timer ‘will be re-initialized, and
the checking process is carried out again. If the bus is found to be available/free for
transmission, but the waiting time is not yet up, the node will keep on checking the
" availability of the bus for transmission. If the bus is found to be available/free for
transmission, and the waiting time 1s up, the node will then start transmission of a data
packet. The process will start again when the node seeks to transmit a second data
packet, and so on. It can be seen that, as mentioned above, a node to which a higher
priority level is assigned will have a higher chance of having its data packets

transmitted, than a node to which a lower priority level is assigned.

The above arrangement of assigning priority levels to the nodes forming the
system assists in avoiding collision in the transmission of data/signals. However, it is
still possible that the respective waiting time of two or more nodes end at exactly the
same time, so that they seek to transmit their own data/signals at the same time. The

method discussed below is then used to prevent collision.

As shown in Fig. 13, four nodes (A, B, C and D) having the same priority level
and the same total waiting time seek to transmit a respective data packet at the same
time. For the purpose of this example only, only the start bit (ST) and first four data
bits are shown. In this example, node A seeks to transmit data “1111”, node B seeks
to transmit data “01117”, node C seeks to transmit data “0010” and node D seeks to
transmit data “0011”. In this connection, the flowcharts in Fig. 14 and 15 set out the

procedure whereby collision is avoided.

For a better analysis of the process of collision avoidance, let us look back at

Figs. 6 and 7. It can be seen that, in order to have a logic low on the bus, the current



4fi. The nmethod according to C aim 38 wherein said second electric pulse is
recei ved by said second node. 47. The nethod according to Caim46 wherein
sai d second node includes a voltage node receiver for receiving said second
el ectric pulse. 48. The nethod according to Clairn 47 wherein said voltage
node receiver of said second node includes inverter nmeans 340MargmnedQd ng t he
polarity of said second electric pulse. 49. The nethod according to Claim
48 wherein said inverted second electric pulse is inputted into a

m cro-control |l erl processor of said secodd-node. [Clains 50 - 68 ha~~e been

del eted]. mode tMakEIte2Q@FZhe nclle meEA sink 4 €BTens COnvtRe ottt phed] ih @rddrae heve t and
receive digital signalsidata via a mxe npde bus which deljvers direct
current powdegiamighpyihediusatiedragsminer imysbesutaff. dhisehopsikadhe sysiamds udi ng
curr ent ”D%?p%err%n}%%'ftat Oite VRS 1. 1&1%3},%@5}&5,%0:%%%51%2%& BQRS@QQPQFC’ to
produce el ectri'c current pul sés to sai us to perfor a current node data
t ransm ssi @Re nafidltovshi agerremde briag ebmeara loerriswiaarthe dosi Wongved, &€ bidiee 1o
vol t age pul ses on said bus to erfmvoltag_‘e noge datg reception. 70. The

p
transcei veh?‘é&:@o}"&i%@&hoo’é:ltﬁ? rhu_B’Q? SEASTEE £ éh%é’é?_ %FOWE%FO it udes
bridge r ecygﬁztr%%an@aeﬁ 2 uR Have & Bcd J2e! .z% 'tﬁe}’tréd%ﬁﬁ&iﬂs%é’@ut'&% gmf:ﬁ% Wi th

sai d bus. e transcel ver according to ai m 69 erein sal

t ranscei vereléwant hede isndley desmey rise rpngderphitreglogealnigh fiv beipg axanstinitggdxinto
regul at ed ogfr ect, current. source. 72. The transcei ver according to C aim69
wherei n satf PR sEMPeans conprises a sink current |oop driver. 7~ .
The transcei ver according to Claim69 wherein said receiver neans includes
an input capacitor and an inverter means. 7~. The transceiver according to
Cl ai m 69 wher ehfirstaiade ttraasmivuny e logie highdntoj the busimgy &e considered to hand out

m cr o-control l.er.' processQr., 7~..Th ransgei ver .according to ai 9
ther o n ¢ e HebeBaRRRPL Bty T St B8 FRb Pt a Bh R g e Bof oBee R
~-50kHz. 7@iso TRMhgtthaBEEEY HEECtaeGOE (b dg1dwisBetig A8 mMiaT Rkdlthe MRs. If there
pre-determ ned potential of said power is substantially 24 volts. 77.

The transcé sush aaceordineds(Dotherfastnogs. ivh dicgiade Seanamitiag §degio diglt intq Her
I ncl udes abﬁg%ﬂrhmqglbgck-ofﬁ 1.e. the first node will abort its own transmission, handing

over the right to control the bus to the second node(s). By way of such an
arrangement, the transmission of the logic low by the second node(s) is in no way

affected, thus realizing collision-free transmission.

In the case of node A shown in Fig. 13, after initializing the transmission of a
logic-high data bit “1” into the bus (starting from the time 1.0T), it checks whether the
bus correctly responds (a logic high). If no such logic high is found in the bus, node
A will have to back-off. If, however, a logic high is found in the bus, the node will
then continuously monitor whether this logic high has been transmitted for its full
time duration, which is T in this instance when a logic-high data bit “1” is sought to
be transmitted. If the transmission has lasted for the full time duration of T, the node
will continue to send the next bit. If not, the node will have to back off, re-generate a
waiting time, and wait for transmission again. In this example, although the node A
seeks to transmit a logic-high data bit “1” during the time period 1.5T to 2.07, as the
other three nodes B, C and D are seeking to transmit a logic low, no logic high is
present on the bus. The node A has to back-off, thus discontinuing the transmission
of its data packet. It will then have to wait for a further time period before it can try

to transmit again. For the same reason, node B has to back-off when it seeks to



78. The transceiver according to C aim69 wherein said tyransceiver further
i ncludes a control nodule. 79. The transceiver accordir.~ to Caim69
wherein said transceiver further includes a priority setting nodule. 80.
The transceiver according to Claim71 wherein said current M)ugl éﬁ&? means
conprises a constant current source connected in series we® Miaxch di ode,
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checks the status of the bus to ensure that such is available for transmission. If a logic

Ry

high is detected on the bus, the node transmits the logic low into the bus for the full
period of the logic-low time-width. If, however, no logic high is detected on the bus,

the node will stop transmission and back off.

As can be seen in Fig. 13, although the four nodes A, B, C, D seek to transmit a
respectively different data packet into the bus at the same time, at least one node (the
node D in this example) can successfully transmit its data packet. To node D, it

transmits its data signals as if no other node is transmitting at the same time.

We can see from the above analysis that this system constitutes a wired-AND
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logic system, and collision-free communication is realized through back-off control

during the transmission of logic high into the bus. It is, however, possible to change
the whole system into a wired-OR logic system by changing the current mode
transmitter from a sink current transmitter to a source current transmitter. This means
that a positive pulse will be on the bus provided the source current transmitter of at
least one node transmits. However, the transmitters in all the nodes have to be cut off
together if a negative pulse is to be on the bus, or if the system is to be in the idle
state. In such a wired-OR system, it is possible to realize collision-free
¢ommunication by performing back-off control during the transmission of logic low
into the bus, in a2 manner similar to the backing-off during the transmission of Jogic

high signals into the bus in a wired-AND logic system.

Fig. 16 is a schematic drawing of a four-node system in which the situation
shown in Fig. 13 occurs, and Figs. 17A to 24 show the change of the current/voltage
at/across various locations in the system. Figs. 17A to 17D show the waveform of the
respective voltage v,, v, Ve and vy at the micro-controllér/processor outﬁut (O/P) of
each of the four nodes A, B, C and D over time. As the transmitter constitutes an
inverter in terms of logic, we can see that the waveforms in Figs. 17A to 17D are
opposite to that shown in Fig. 13. It can be seen that, of these four nodes A, B, C and

D, only node D can successfully output all the data bits which it seek to transmit.

Fig. 18A to 18D show the waveform of the respective sink current i, is, i, and iz
entering each respective node over time. Each sink current (i, i3, I, Ig) includes a
basic current (/,, Iy, I, Iz) and a transmitter current (/). It can be seen that there is a
surge of the sink current (i,, i), i, i) Whenever a negative pulse is transmitted into the
bus by the relevant node. As the node A 302a’ cannot successfully transmit the first
data bit “1”, there is only a surge of the inflow of the sink current i, from [, to [, + /;
when the start bit is successfully transmitted, in which I, is the basic system current
flowing into the node A when it is not transmitting. As to the node B 302b’°, and as
shown in Fig. 18b, as it can only successfully transmit the first data bit “0”, there is
only a corresponding increase in current inflow (i) from J; to I, + I, when the start bit

and the first data bit “0” are transmitted, in which J, is the basic system current
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flowing into the node B when it is not transmitting. Figs. 18C and 18D show the

change of the current i. and iy flowing into the node C 302¢’ and D 3024’

respectively.

Figs. 19A to 19D show the waveform of the input (I/P) voltage (vq, v, v, v4) of
the respective micro-controller/processor 310 of each of the nodes A, B, Cand D. It
can be seen that all micro-controllers/processors 310 receive the same series of
electrical pulses, which correspond to the electrical pulses transmitted by the node D
as indicated in Fig. 16, meaning that all these nodes A, B, C and D receive the data
transmitted by the node D only, and such are the only data that can be transmitted

successfully into the bus 308.

The waveform of the total DC current / on the bus over time is shown in Fig. 20.
The total DC current / on the bus at any time is, in this example, the sum total of i, s,
i. and iy (see Figs. 18A to 18D) at that time. The maximum value of i is equal to /[y +
41, (assuming that the transmitter current of each of these four nodes is J; and all the
nodes are transmitting the start bit simultaneously) in which /; is the total current
flowing through the system when no node is transmitting, and is the sum total of /,, /,,
I. and I, in this example. As to the electric current i; flowing through the inductor 322
at any given point of time, such is shown in Fig. 21. It can be seen that this current /
1s always no less than /p and no more than Jp + I, and varies in accordance with the

electric voltage v, across the bi-directional clamp 324 (1o be discussed below).

As to the current i, flowing through the bi-directional voltage clamp 324, such is
shown in Fig. 22. Its maximum value is 4/, when all four nodes A 302a’, B 302b°, C
502c¢’ and D 3024’ are transmitting the start bit of their respective data packet. It can
be seen that i, may sometimes be of a negative value. Such means that the current i,
is flowing in a direction opposite to that as shown in Fig. 16, and thus through the
upper pair of diodes in the voltage clamp 324. As to the voltage v, across the bi-
directional voltage clamp 324, such is shown in Fig. 23, and it fluctuates between a
positive “clamp voltage” and a negative “clamp voltage”. As to the voltage v in the

bus 308, such is shown in Fig. 24, as fluctuating between V, + Clamp Voltage and V)
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electric current in the transmirter, so that the amplitude of the electric voltage is not

affected even when several nodes are transmitting at the same time.

The above analysis is made on the basis of the basic structure of the system 100
shown in Fig. 3. Stated simply, the system 100 in Fig. 3 includes a bus 104 with rwo
wires, in which the bus 104 carries the electric power, current signals and voltage

signals. The bus 104 is also polarity insensitive to the nodes 102.

However, there can be variations in actual application. One may, for example,
separate the power path in the bus, or separate the current path from the voliage path.
Fig. 25 shows an example of such an embodiment. Fig. 25 shows a system 400 with
three nodes 402 inter-connected with one another, and with a current/voltage
converter 404 via a bus 406. Each of the nodes 402 is a transceiver including a

current mode transmitter 408 and a voltage mode receiver 410.

The current/voltage converter 404 includes a current terminal 412 and a voltage
terminal 414. The current terminal 412 of the current/voltage converter 404 is
connected with the current mode transmitters 408 of the nodes 402 on the bus 406 to
form a current transmission path (Tx) of the bus 406. On the other hand, the voltage
terminal 414 is connected with the voltage mode receiver 410 of the nodes 402 on the
bus 406 to form a voltage receiving path (Rx) of the bus 406. The nodes/transceivers
402 on the bus 406 obtain the necessary electric power from a DC power source 416
through a V+ path of the bus 406. With the inclusion of a Ground path (Gnd), the bus
406 includes a total of four wires.

The current/voltage converter 404 may be realized by a current loop receiver
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(e.g. HCPL-4200 of Hewlett Packard). As to application module and current mode
transmitter, one may adopt the structures discussed above. As it is not necessary for
the voltage mode receivers 410 to isolate the DC power potential from the bus, no

input capacitor is required.

As discussed above, one of the major advantages of separating the power path
from the signal path is that the current controller 108 shown in Fig. 3 is no longer
required. On the other hand, one of its major disadvantages is that, with the increase
in the number of wires in the bus 406, not only is it not possible to realize polarity

insensitivity, the chance of mis-wiring will also increase.

Apart from the increase in the number of wires in the bus 406, there is not much
difference in the nature of the system 400 with that as shown in Fig. 3. This system
400 also supports the simultaneous transmission of signals by more than one node
402, and is still a real-time-response and wired-AND logic system. The priority
setting and collision-free communication method discussed above can also be

implemented in this system 400.

It is clear from the foregoing discussions that a mixed mode multidrop network
system according to the present invention possesses the following advantages and
characteristics:-

A. Such a network system successfully combines the advantages of voltage mode
networks and current loop systems. As the receivers in such a network system
have a high impedance, and the bus in the network exhibits a low impedance, DC
can flow through the system almost without resistance (which enhances the
operation of a link power system), the interference of AC of 50/60Hz can be
effectively filtered. Such characteristics are particularly important for a control
system. Thus, in the field of control, the use of a mixed mode network according
to the present invention is more advantageous.

B. Such is a link power network system, allowing the simultaneous distribution of
power and signals/data along the same twisted pair wire. Such allows easy

installation by the users, and enhances the integration of the nodes with the
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network. In such a system, electric power is coupled from the bus using a

constant current source. Such a coupling method is of a high impedance, thus
causing minimal effect on the signals/data in the bus. In addition, the transceivers
in such a system are connected directly to the bus, thus avoiding the use of
transformers. Such will reduce the size and cost of the system, and can enhance
its reliability.

C. Such a system adopts the simplest and most common single unshielded twisted
pair (UTP) wire as the bus/transmission medium. As there are only two wires and
they are not of any polarity (because of the bridge rectifier 230, 232 shown in Fig.
4 and discussed above), the possibility of mis-wiring does not exist in this system.
and such allows convenient installation and wiring.

D. Such is a decentralized network system in which each node can function
independently. 1t is thus relatively easy to expand the system. In addition, the
present network system 1s a zero dominion system (i.e. a non-master/slave or non-
announcer/listener structure) in which each node may be a master/announcer, and
may also be a slave/listener. Each node listens to the bus all the time and can,
according to its needs, transmit signals/data into the bus.

E. Such a network system adopts a random access control method, in which any node
is allowed to transmit when the bus/transmission medium is free (subject to the
control of priority setting). Polling is not required in the present invention. Such
enhances the efficiency of communication within the system, and the versatility of
the nodes.

F. In order to achieve the collision-free communication in the present invention, the
present system possesses a number of characteristics:-

(a) an appropriate network structure — the network structure in the present
system ensures that even in case of multiple simultaneous access, the digital
signals in the transmission media will still present a predetermined logic
state, i.e. no uncertain Jogic state will exist and all logic states can be
effectively identified;

(b) an access control mechanism of immediate response — the receiver and
transmitter in each of the nodes are controlled directly by a micro-controller

or processor, which can ascertain the state of the bus on a real-time basis.
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(c) appropriate data format and communication protocol.

G. In such a system, even if more than one node transmit different data packets at the
same time, at least one node will successfully transmit its whole data packet, thus
realizing collision-free transmission.

H. In such a system, a number of different priorities are established. During a period
of busy communication, a node to which a higher priority is assigned will have a

_higher chance of being able to transmit its data/data packets.
I. Such a system is suitable for use in carrying out sensing, communication and

control functions.
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What is claimed is:-

1. A digital data communication network system including a power supply means
and at least two nodes, wherein said power supply means and said nodes are
connected to one another vig a transmission media whereby digital signals/data
are transmissible between said nodes, wherein said power supply means supplies
electric power to said nodes, and wherein at least one of said nodes includes a
current mode transmitter and at least one of said nodes includes a voltage mode
receiver.

2.  The system according to Claim 1 wherein at least one of said plurality of nodes
includes a current mode transmitter and a voltage mode receiver.

The system according to Claim 2 wherein a plurality of said nodes include a

W)

current mode transmitter and a voltage mode receiver.

4. The system according to Claim 3 wherein each of said nodes includes a current
mode transmitter and a voltage mode receiver.

5. The system according to Claim 1 wherein said transmission media is a
unshielded twisted pair wire.

6. The system according to Claim 1 wherein said system includes pulse generating
means through which electric current from said power supply means passes to
induce a voltage pulse.

7. The system according to Claim 6 wherein said pulse generating means
comprises a current to voltage converter means.

8. The system according to Claim 6 wherein said pulse generating means is
connected in paralle] to a current controller.

9. The system according to Claim 1 wherein said power supply means comprises a
DC power source.

10. The system according to Claim 1 wherein said voltage mode receiver includes a
capacitor and an inverter means.

11. A digital data communication system for delivering digital signals from a
current mode transmitter to a voltage mode receiver, said system including:-

an electrically conductive cable coupling said transmitter and said receiver
with each other, thereby providing a digital data communications path;

DC power supply means for producing a pre-determined electric potential,
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supply means to said cable for providing a first electric current path. said first
electric current path operating as a low impedance path for DC current;

voltage control means connected in parallel with said current control means
for controlling the voltage amplitude across said current control means, and for
providing a second electrical path for transient electric current;

connecting means coupling said second voltage terminal of said power
supply means to said cable to provide a power distribution path;

wherein said current mode transmitter is coupled to said cable for
implementing a current loop, wherein said transmitter produces current pulses in
said current loop to perform a current mode digital data transmission; and

wherein said voltage mode receiver is coupled to said cable for receiving
voltage pulses on said cable produced by said voltage control means to perform a
voltage mode digital data reception.

12.  The system according to Claim 11 wherein said conductive cable comprises a
single twisted pair wire.

15. The system according to Claim 11 wherein said current control means comprises
a cored inductor.

14. The syvstem according to Claim 11 wherein said voltage control means
comprises a bi-directional voltage clamp.

15.  The system according to Claim 11 wherein said pre-determined electric potential
is substantially 24 volts.

16.  The system according to Claim 11 wherein each of said current mode transmitter
and said voltage mode receiver includes:-

a bridge rectifier having two terminals coupled to said cable for providing a
non-polarity interface with said cable, said rectifier further including a + terminal
and a - terminal;

a constant current source having a first current terminal and a second
current terminal, wherein said first current terminal is coupled to said + terminal;

and
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20.

a zener diode coupling said second current terminal of said constant current
source to said - terminal of said rectifier to provide a power supply to said
transmitter and said receiver.

The system of Claim 16 wherein said transmitter further includes:-

a transistor with a collector coupled to said + terminal of said rectifier, a
base for inputting data to be transmitted into said transistor, and an emitter; and

a resistor coupling said emitter of said transistor and said - terminal of said
rectifier for implementing a transmission output current loop.

The system according to Claim 16 wherein said receiver includes an input
capacitor for isolating the direct current potential on said + terminal of said
bridge rectifier.

A digital data communication network system for distributing power and for
providing signal passing capabilities through a bus, said network including:-

a plurality of nodes each including a mixed mode data bus transceiver for
generating electric current pulses and receiving electric voltage pulses;

an electrically conductive cable coupling said nodes with one another to
provide a path for power delivery and data communications;

a DC power supply means for producing a pre-determined electric potential,
said power supply means having a first voltage terminal and a“second voltage
terminal;

current control means coupling said first voltage terminal of said power
supply means to said cable for providing a first DC current low impedance path;

voltage control means connected in parallel with said current control means
for controlling the voltage amplitude across said current control means and
providing a second current path for transient current; and

connection means coupling said second voltage terminal of said power
supply means to said conductive cable to provide a power distribution path.

The system according to Claim 19 wherein said conductive cable comprises a
single twisted pair wire.

The system according to Claim 19 wherein said current control means includes a
cored inductor.

The system according to Claim 19 wherein said voltage control means includes
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The system according to Claim 19 wherein said pre-determined electric
potential is substantially 24 volts.

The system according to Claim 19 wherein the frequency of said pulses is
substantially between SkHz to 50kHz.

The system according to Claim 19 wherein each of said nodes includes a micro-
controller/processor.

The system according to Claim 19 wherein said data bus transceiver includes:-

a bridge rectifier having a first and a second connection terminal for
providing a non-polarity interface with said bus, said rectifier further including a
+ terminal and a - terminal;

a current mode transmitter coupled to said + terminal and said - terminal of
said rectifier for implementing a current loop for producing electric current
pulses to said bus to perform a current mode data transmission;

a voltage mode receiver coupled to said + terminal and said - terminal of
said rectifier, said receiver receiving voltage pulses on said bus to perform a
voltage mode data reception; and

current coupling means coupled to said + terminal and said - terminal of
said rectifier for providing a regulated direct current supply to said transceiver.

The system according to Claim 26 wherein said transceiver includes a
transmitter including:-

a transistor with a collector coupled to said + terminal of said rectifier, a
base for inputting data to be transmitted to the transistor, and an emitter; and

a resistor having a first terminal coupled to said emitter of said transistor
and a second terminal coupled to said - terminal of said rectifier.

The system according to Claim 26 wherein said transceiver includes a receiver
including:-

a transistor with a collector coupled to said - terminal of said rectifier
through a resistor for outputting the data received from said bus, and a base; and

a capacitor coupling said base of said transistor with said + terminal of said
rectifier through a resistor for providing an AC path to said bus.

The system according to Claim 26 wherein the current coupling means
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sourcing a constant current; and

a zener diode coupling said second terminal of said constant current source

and said - terminal of said rectifier for providing a regulated DC voltage source.

30. A transceiver adapted to transmit and receive digital signals on a data bus which
delivers direct current power and digital data simultaneously, said transceiver
including:-

a bridge rectifier having two connection terminals adapted to provide a non-
polarity interface with said bus, said rectifier further including a + terminal and a
- terminal;

a current mode transmitter coupled to said + terminal and said - terminal of
said rectifier for implementing a current loop adapted to produce electric current
pulses to said data bus to perform current mode data transmission;

a voltage mode receiver coupled to said + terminal and said - terminal of
said rectifier, said receiver being adapted to receive electric voltage pulses on
said data bus to perform voltage mode data reception; and

a current coupling means coupled to said + terminal and said - terminal of
said rectifier, said current coupling means being adapted to provide a regulated
direct current supply to said transmitter and said receiver and other means in said
transceiver.

31. The transceiver according to Claim 30 wherein said transmitter includes:-

a transistor with a collector coupled to said + terminal of said rectifier and a
base for inputting the data to be transmitted, and an emitter; and

a resistor having a first terminal coupled to said emitter of said transistor

and a second terminal coupled to said - terminal of said rectifier.

(F})
[

The transceiver according to Claim 30 wherein said receiver includes:-

a transistor with a collector coupled to said - terminal of said rectifier
through a resistor for outputting the data received, and a base; and

a capacitor coupled with said base of said transistor and said + terminal of

said rectifier through a resistor, and being adapted to provide an AC path to said
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bus.

33. The transceiver according to Claim 30 wherein said current coupling means
includes:-

a constant current source having a first terminal and a second terminal.
wherein said first terminal is coupled with said + terminal of said rectifier and
adapted for sourcing a constant current; and

a zener diode coupled with said second terminal of said constant current
source and said - terminal of said rectifier, and adapted to provide a regulated DC
electric voltage.

34. The transceiver according to Claim 33 wherein the working voltage of said
zener diode in said coupling means is substantially 5 volts.

35. The transceiver according to Claim 30 wherein the pre-determined DC potential
of said power is substantially 24 volts.

36. The transceiver according to Claim 30 wherein the range of frequency of said
current and voltage pulses in said transceiver is 5-50 kHz.

37. The transceiver according to Claim 30 wherein said other means includes a
micro-controller/processor.

38. A method of communication in a mixed mode communication and control
network system, wherein said system includes at least a first*node, a second
node, a power supply means, and current to voltage converter means connected
with one another via a bus, comprising the steps of:-

(a) generating at least a first electric pulse by said first node;

(b) transmitting said first electric pulse to said power supply means in the form
of an electric current;

(c) causing a first electric current from said power supply means to pass
through said current to voltage converter means to induce at least a second
electric pulse; and

(d) transmitting said second electric pulse into said bus.

39. The method according to Claim 38 wherein said first electric pulse is generated
by a micro-controller/processor.

40. The method according to Claim 39 wherein said first electric pulse is generated

by said micro-controller/processor upon a change in state of an application
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module.

The method according to Claim 38 wherein said current to voltage converier
means is connected in paralle] with a current control means.

The method according to Claim 38 wherein a second electiric current passes
through said current control means when said first electric current passes
through said current to voltage converter means.

The method according to Claim 42 wherein the magnitude of said second
electric current passing through said current control means varies at least in part
in accordance with the period of time during which said second electric current
passes through said current control means.

The method according to Claim 42 wherein the magnitude of said second
electric current passing through said current control means depends at least in

part on the electric voltage across said current control means.

The method according to Claim 38 wherein the polarity of said first electric

pulse is opposite to the polarity of the second electric pulse.

The method according to Claim 38 wherein said second electric pulse is

received by said second node.

The method according to Claim 46 wherein said second node includes a voltage

mode receiver for receiving said second electric pulse.

The method according to Claim 47 wherein said voltage mode receiver of said

second node includes inverter means for inverting the polarity of said second

electric pulse.

The method according to Claim 48 wherein said inverted second electric pulse is

inputted into a micro-controller/processor of said second node.

[Claims 50 — 68 have been deleted].
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A transceiver adapted to transmit and receive digital signals/data via a mixsd
mode bus which delivers direct current power and digital data simultaneous!y.
said transceiver including current mode transmitter means for implementing a
current loop adapted to produce electric current pulses to said bus to perform a

current mode data transmission, and voltage mode receiver means for receiving

~ electric voltage pulses on said bus to perform voltage mode data reception.

The transceiver according to Claim 69 wherein said transceiver further includes
bridge rectifier means for providing a polarity insensitive interface with said
bus.

The transceiver according to Claim 69 wherein said transceiver further includes
current coupling means for providing a regulated direct current source.

The transceiver according to Claim 69 wherein said transmitter means
comprises a sink current loop driver.

The transceiver according to Claim 69 wherein said receiver means includes an
input capacitor and an inverter means.

The transceiver according to Claim 69 wherein said transceiver further includes
a micro-controller/processor.

The transceiver according to Claim 69 wherein the range of frequency of said
current and voltage pulses is 5-50kHz.

The transceiver according to Claim 69 wherein the pre-determined DC potential
of said power is substantially 24 volts.

The transceiver according to Claim 69 wherein said transceiver further includes
a sensor module.

The transceiver according to Claim 69 wherein said transceiver further includes
a control module.

The transceiver according to Claim 69 wherein said transceiver further includes
a priority setting module.

The transceiver according to Claim 71 wherein said current coupling means

comprises a constant current source connected in series with a zener diode.



