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Met hod This invention relates, in general, to the field of wred digital
control network systens. In particular) this invention relates to a wred
comuni cation and control network system and a net hod fo&gaﬁm di H%

e

collision in the transm ssion of data is such a system

I nventi Honme and building automation is an inportant area in the
dev: | oprment of nodern technol ogy, off which the design of contr

one of its crucial areas. Mny proposals have been put f or war dml'lummm’@"mmmr
field, e.g. "X-10", "Lonv~~ork") "CEBus" and "EIB Hone and bui |

control systetas are conplicated and nufti-faceted s~stens. St and a one or
poi nt -t 0- poi nt produce cl eammnﬂﬂﬁﬂgﬁﬁ%l ous requirencnu which
may arise in r?ﬁisx%; Jnﬁo?'rél% 1 Bencfal CRNhE BhidNTt WiRddKdigitalt @htrolsheriuth nor e
versatil e and may haret ore nreet such requi renents. The nodes in such a
control net sysreknss \is trarticolan Bisinvsatiemtctatesito 18 wined SATRADPRUFAUOR 1350 oq sane
resources) e e afhsi@sifn of Wik GRES,
sensors) ti margrt?( Vgﬁsc?np%gy £ e %&g%ﬂ?‘;eor@xg \e{?%ﬁy?lna?he Li ght of the needs, in
order to reslchasystmmi ous control functi ons, i ntegrated control and
noni toring of |ighting, energy@ad@d .&g@%i%qnﬁg#l ty at hone or office.
Centralized control stemisa we nown technol ogy. However) the

appl i cation of Hs:mha-raiy beikding REGRation oAk MRl Hghs ASHERTER Has net
wi th varioug, §r8l?4a:| Btog s of which a&%%@'cemurol BehdU€ ofDof iRerhcdl @Rafiunber  of

W res require rculty 1 n extend ng the 'system (as there is usually a
fixed capacMayy pfr@}voselacllmvselPﬂ.ﬂ!eﬂ“ﬁcfem'ilf‘d)lms@l*:')tﬁﬂfil C*gpal‘elor ‘eqLPrEEnRt (due to
t he need to‘@ﬁﬁ %iah%["t he central unit usually in a separate room, and
the rigorous eqw S for reliability (e.g, the whole systemw || not
function when there are problens vm'th the central unit). At present, there

are many nedi a.acce net hods | 1ing)
circuit swt chrl'f‘? %Yﬁab“ﬁp% cﬂf‘é‘f 54 ﬁmsrrﬁrftcf’%”ﬂécaéegcae"gg#'?ﬂ :%%%;)sngg? However ,
to a contr OBtaIﬂE-TaWﬁE lor puikit-tospdistepradugn @l eatig armot fulfilbthenartisns teyéamans usual |y

rolativel Y SURR. phlSsheSPOF Fird 8RS0 ® 4 SOl Snlch k! S S o 97

versatile and may therefore meet such requirements. The nodes in such a contol
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network svstem can communicate with one another, share the same resources, and be
assembled together by various means (e.g. switches, sensors, timers, telephones,
computers, etc.) in the light of the needs, in order to realize various control functions,
e.g. integrated control and monitoring of lighting, energy, access and security at home

or office.

Centralized control system is a well-known technology. However, the
application of such a technology in home and building automation has met with
various problems, e.g. complicated wiring (due to the large number of wires required),
difficulty in extending the system (as there is usually a fixed capacity for each central
control system), space requirement (due to the need to accommodate the central unit
usually in a separate room), and the rigorous requirements for reliability (e.g. the
whole system will not function when there are problems with the central unit).

At present, there are many media access control (MAC) methods, e.g. token
passing, polling, circuit switching, and time-division multiple access (TDMA), etc.
However, to a control network, while the signals/data to be transmitted are usually
relatively short, the response speed is required to be relatively high. Random access
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29 Novenber 2002 2 is thus one of the few nethods which can neet the
requirements of a real-time control. In a random access system it is
possi bl e that nore than one node seek to transmt signals/data at the sane
time, resulting in a collision. Various nethods have beeg Nsénisst 2002
resol ve such contentions, to recover fromcollisions, or to avoid
collisions. Such nethods include CSMN CD (Carry Sense Miultiple Access with
Col l'i sion Detection) and CSMN CA (Carry Sense Miltiple Access with

Col I'i si on Avoi dance). However, irrespﬁ tive of the nethod used, if two or
nmore nodes transmt sjQnal s/data at. “sane tinme, all such attenpted
transmi ssigriBusopg of g}e‘l’éa’é‘ﬁ 8‘?5 f"h&&’ec%ﬂ’ggt H%Es“tqﬂ“grpﬁ‘ﬂ)tstc;}aﬁé'?ﬁ?'t“fx?cng for a
respectiveco?i%hod of time, and tries transmtting again. Such will cause a
reduction of the comrunication efficiency., Mdst current comunication

net wor ks do not consider the issue of priority. If the data packets to be
transmtted are_not e sgquent:t al | ¥, . h hia T . sanme
pre-determ ne Belfalngo o?%%gsl‘srT% “be o¢ ? iptX sslﬂggﬁ?%tng‘?r’f% &%Eb#%inga? ég% t
con~~ent i of@lsmiediods/dans at thadardeo emenrsultiag srea woliisioni fVarowms methads have

conmuni catj on stem However, the issue of priogfity cones very .

.i npor t ant P48 %X’(‘,s(?ﬁttPorl"Sé"?%tsg‘m COHRAUPDFf O {fﬁg‘éerc%?fpdccg Sl%‘el'frsﬁog%vﬂq cant
since diffgRHbnd0GAsh FEhER' inylude ICIMATED qarry USese QVIsItipld PicBest Rettsy st em
In case of energency, serious problens nmay arise if certain, jnportant

si gnal s/ da€ellisispnBetegrion) raad e irddAniaaypasnse dpliipla dgeessTyith Gallisen cont r ol
network, ij 6iﬁa:f$§§.'ﬁ8%$ert' e&5hve Ot HXRR u@%d,‘@tfv@éof&oﬂ: f843L Pl he rore
are the nuiher o wires, the nore 1nconvenient the wring process wll be,

and t he hi gbetls/ddne ar ths lsaraé timesalhsuchngempiell tahsmisbiens #ll fak afgehef thesen in a

network in Ich there are only.four wires (e.g..USB) here are. 23 (i.e.
(a1 T Y | WBES s 1 SoR g I e ﬁequcgvapésmﬂ%%nwaéﬁ BESTEREe a
separate pPLERK SIRWWR daffe £RBHIAGE thetdmifuri@tidlelficibicy. S desirable to
provi de el ectric power to the nodes through the network. Common |ink power

systens generally adopt transforner coupling to separate power from signals

in the bus/t r%&s@cﬁﬁ'&ﬁ%omggﬁoﬁ%%%ﬁs 83 angoﬁé?oeer Fhe issue of priority. If

the data packets to be transmitted are not queued sequentially, each has to wait for the

g

same pre-determined period of time before it is transmitted. This is a conventional
method for, and does not cause much difficulty to, a communication system.
However, the issue of priority becomes very .important to a control system. The
difference could be very significant since different nodes may carry out different
functions within the system. In case of emergency, serious problems may arise if

certain important signals/data cannot be transmitted by a particular node.

To a wired control network, it is desirable to keep the number of wires to a
minimum. The more are the number of wires, the more inconvenient the wiring
process will be, and the higher the risk of mis-wiring will also be. For example, even
in a network in which there are only four wires (e.g. USB), there are 23 (i.e. (4!-1))

ways of mis-wiring,

While it is a common practice to provide a separate power source for each node
in the network, it is desirable to provide electric power to the nodes through the
network. Common link power systems generally adopt transformer coupling to

separate power from signals in the bus/transmission medium. Because of the use of



29 Novenber 2002 1 - ' transforners, the systemis usually of a relatively
| arge size, and thus nore expensive. In addition, due to the relatively |ow
internal resistance of the transforner) the fannin'-out capacity of the

bushransmi ssion nmediumw Il be | owered when th: t r ansf oL@ ovem ted to
the network. It is thus an object of the present invention to provide, a
m xed node transcei ~~~r digital control network system a transceiver) a

nmet hod of setting priority to each node.3and a nethod for avoiding

col 11 si on 1 N ilhidess ! S8ierd 8 ubbillg ot bliiaNely Rog 26,208 tRGMOBExpERive.
mtigated) or at [east to provide a useful alternative_to the public.
Summary of theadditemt dwntoadeorelrtingly dow intempl resipfarde of thtdrapslogmer the
invention, there is, provide di gl o Wi t Ka d em
i ncluding a %ﬂﬂd@?'°§bp°5?§/°’&e§%?’cah a e%gsdt?1 F@ 0 no gs?agaﬁg?;ec}&ﬁaééf power
suppl y nmeansyafisorat i ddadetedoehemmwerki ed to one another ,.~ia a

transm ssion nmedi a whereby digital signals/data are transm ssi bl e bet~~een
sai d nodes, wherein said power supply neans supplies electric power to said
nodes) and wher @i g s dnQ@fdct B the Presemti idvandide o provider @ IniRed Hivde mansrener
transmtter and at | east one of said nodes include vol t age node

recei ver. Acdigitali eRptiod naTvesk disfeRs BTANSERVEh® r?ﬁ"%%‘ﬁﬁ? SERPSHTBHY 1P 1F8FR i s

provi ded a dj gj.t j j Syst: LVE( | ing i jgnal s
e R e L R e L i

i ncl udi ng anstereocmirigs atd mitigareducrt at leasttalprevideoapdein plismiative taths publier and
said receiver with each other) thereb vi di a digital data

comuni cati ons path; DC power sug’b(%%c—%#‘-g duci ng a pre-determ ned
el ectric potentisghordfiti & PErRrasseeppf yheBrasent rhtich, 2héreris tprvaliddagaidiar m nal
and a second voltage termnal; current control neans coupling said first
vol t age t er nilatarommusgisadorpasmiorksysism/inflgding aRoWSASEPRIR IIcans and #rleast Yy a
first electr]j t j i rd r i.Ng as
alowi medaﬂgdég,%%ﬁ&%g?ﬂ ct%?{rlpg:'l %T{e\ﬁl%ﬁ ggsgfdcﬂ(?ﬁf gg{e %Eggﬁég@%%nﬁg%‘e ?n
paral | el wi t Waatirghsmigsionnnedio mherdbynibigizad sionalsidetat arelttansmissibie bohezgsid
anpl i tude across said, curyent cont{ol neans .anﬁi for Erovi ding a seg%rd

el ectrical pARdess BRETFINLIRY BAVCTTURRY, PEans SHPRIS -clerdin BRYVFL P TAId ASITofR i ng
sai d second V@kleaOR 14t ShdGH salf nodies ThcRIBVEE cSr IbdeRARSmIter 978 8t leabse t O
provide a power distribution path; wherein said current node transmtter is
coupl ed to obmiderdssinciudes@yolagemedeTaefieerf or i npl enenting a current | oop,
wherein said transmtter produces current pulses in said current loop to
performa current node digital data transm ssion; and wherein said voltage
node receiver | Axodingew 4 secsnd skpealulf che presenemeemiony there ioprevided aelicinh sai d
cabl e produced by said voltage contrpl. neans. to, performa voltage noge
digital dat ag?‘écéﬁﬁmﬁ?f.‘:a%@cégﬁ?‘ﬂ of (ﬁil"f’l‘ﬂgr 8‘%‘5{)@&“& E"ﬁ% 3 CBE Mt fode

i nvention, thengniter 6O AGgd b8l trakeiPla! aid OGFEI CRicldingd) S VefekuRYfY €M
for distributing power and for providing signal® passing cdpabilities

t hr ough a busondugiive erbleequpling sdid drangmistenand said regeivér wihl eeachather therdebyli ng a

m xed node d : Lye er.at i electrif current | ses and
ecei ving. ol BoHE s S Sita thhmoRloaliSlitall M mRVe Bl fPFaoL mHuE
coupl i ng sai d predermtined elseticapaemia, said povosti ipply Meids having Vst dsitapyery
and data communi,catiqns; a DC rl)ovver supply nmeans faqr producing a .
pre- det er m n&d™ER3 @PH; & SErOnd taltags termmnal GHENT SOl MRS SOYPhpE gida first st
voltage term BehiRalSRSS i : hrs{ra
coupling saimdvegégfcgt vof'lt agela&grwren}ﬁﬁoégégtg%%%@%%?&%égs to@é}gfd
cabl e for prcwrehtpgtha siid fist elCtiacureent pith operatiegiasa ow hpedancd paly forddOt r ol

means connected in parallel wWth said current control means for controlling
the vol tage SHEFRY RS SoBEel foam Sonns<lst IngEaFRLIe] MitheShid, Cument SOBwP eSS
second currefp; Padtblfiy the IDRARNAmATLEE Abr CARR&E tdofl mgsc PkdeN~
sai d second vorl tage tugrn‘i nal o%:é sa%&pgmgosgﬁggl y rregndsog.&g sal ’c%*r?dtdgti ve
cabl e to prowprelddiag posesondiedectridali pathnfop atansiestcelectrit noprtent; acohneting megpsct  of
the present invention, there is provjded.a.t{ransceiver adapted to fransmt
and receive &Pﬁ?elfrgl salq gerond V8ha%1£§5f“£a§8§“v\ﬂiuipewcﬂﬁﬂ ¥ meags te s2id Gabledat
pover and di Gird ke &b Re diRHbLASIEONE Wherif sild chAlR ShbdWarshihatd i dge
rectifier ha\%ji ng tvvg cgnnlecti on term neéﬁg adapt e (h'?d()) provi eaggﬁ%ﬁ?:ggfyari ty
interface with said bus, said rectifier further including a + term nal and
a - termnal; a current node transmtter coupled to said + term nal and
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 . .




-sai d transceiver. According to a fifth aspect of the present invention)
there is provided a nethod of conmunication in a m xed node conmuni cati on
and control network system): wherein said systemincludes at |east a first
‘node, a second node, a power supply nmeans, and current b9 Nevehit@e 200Rverter
means connected with one another via a bus. conprising the steps of (a)
generating at Least a first electric pulse by said first node; (b)
transmtting said first electric pulse to said power supply nmeans in the
formof an electric current; (c) causinga first electric current from said
power supply a 0.pass thro i d C t : r means
o T nduce il eatl &7 EBRBRs HEL AR p Wb el RO p RIS Ly
second el ectpuldes pnilssig duftemt 198p to performAs carretit myodeodigitali dedta lraagpisgon;cindt he
present invention, there is ovided a rretpgd f ot ma@i um access ¢ rtltrol in
a nixed modeVhsRRLTHE XPiags A% ESAYET Sneunled foisaid, SERR, FORARTR e LAy st em
includes at [}#@astondsdid catle PosEcaN By RaidevsMage BOStEolEREdhshRl pgfcatiapveldade0
transmt signals into a bus via which said nodes are _ connected with each
ot her, i ncl uapdgydighd detaggeepyipn(a) establishing a plurality of priority

| evel s each with a corresponding different range of waiting tinme; (b)
assigning one of said plurality of priority levels to each of said nodes;

(c) said first Aocedingrteraathird-aspechaf therpgresentinventiar,ghdrads prayidedrredigitalor ity

| evel assigned thereto; .(d) sai,d f rst npde checkin ether said bus is
froe for i1 Ahemgneaits hePpd pisedt o et AaThE Brofdhg si®

wai ting ti mepdigng @%pivileeks thiough QRe! daid n&vefsinc)dirdd plehlitynéfl hodedeadhai ti ng
ti me has expired; and, (g) comenci ng transm ssion of a first data packet by
said first nogkding amixgdmpseidatarhus frapsseiver fon geResating £leAEE SRTFH Fulses apd
sevent h a.spex%geieing.te*ﬂ@m@é $SI6BE hgé’f%'eQ@tricEl'iBeéc%dhétiW&‘Uléjﬁ&bpﬁ’ing“s‘iiﬁ‘?l@d&f
transnmitting data~in a m xed ﬁo e communi cdati on and control’ network system
wher ei n sai dwith he andtherlto gesvideta patlafir pawer ddiveryoahd datalcempwoisagbnioalPCeach
bei ng adapted to traglsm't pfﬂ ses into a bgs{ vi.a whi ch.csaitd t|r1?desd are .
connect ed wi PHVEURPHL ERSS 10R ATORHCINS ¢ REF-QSierpunsst Ef('zglt)"1 SR ¥ RBGE
causing a pubplPmeans hdvidg PEradvolt¥ge teARinNOMRIND €8coRB0R1ta®é GerRgnal;rauneA t t ed
into said bus; (b) said first node checking whether a pulse of said fjrst
pol arity appeents! s¢anaearpbing said fiast (veltagei termsnal g saidmeiveg supply mrans® Bid sai d
first polari { Bt O i t i 0 u Jol TR= W i f a
pul se of sai %ijfl AI: r%srt p%gidgnr%b ?31 r%'tgbge{hgrg{]gic?kvo%ﬁééglggcebhgﬂi kgg?’eelp té)é‘/! Q-I/&,—E:ééor di ng
to an ei' ht hcaspeted iofpardlkel pridsszitl dumesntorom! rhémms efor soptrollindetie avoltegdod of
transmtting at..| gast one.dat a rﬁ]afketl for pr?civi di.é;c,a colljsi on-{f rtﬁef
conmuni cat i oAGPHAS 2RRoRS SR HHEeTh PRIl JPLiRS ARR A URE ASE RGP YRt B8RP

net wor k, wheg@hdierfi @lifferteAnOédankdifoh 4ekRss eduplifd siid deddndSioltagel ermittal af seed ond
node each being adapted to transmt and recelve_ data packets through a bus
via which saPeWRCHEBlyaneans ¢hsred eanduciiversablgdmprovifiera pawerdisigbatannady a

wi red- AND | 0?ic, wherein said data packet includes at |east a |ogic high
and a logic lowto be transmtted into said bus, said nmethod including the
steps of: (a) whettosdingl tbid Sourttpdepeseekshd prasemninventicrgi theteods erdvidedi at o

said bus, said first pode; 1 ). checks lggic stafe fromsaid bus; .(2
starts to trérﬁgmetveésé]aatqddai(f@nﬁw%&ese%%&aﬂﬂ&gan%gatb us W&g‘&%{léﬂ% ogi ¢
high in step ARA%E; ; tﬂ.ﬁﬁ?}, [R1aTe] i i it @ said
bus for the fdf}%%‘ peri g(f 0((*% ) taﬁgrq?lélﬁatle?%md% 0 ({oﬁgs}’sgiﬁg ?%dgsiegbl&oé/r\? Wg;}dg b)
when said fi bsidgeochifice dkeing aworensertion sermindlp gdapted ¢h promide saia-folasity sai d

first node: (_1) start t i i.d logi.c high int id bus: (2
checks oo ¢ iwtites vith i bl sdeehsy Fiee ibiting 2 tecrtnpl S0 o itinely®
waiting tine chﬁehmmoa@%éréﬂqiﬁe%ﬂ%ﬁﬁﬁg $beRR ¢OtefrdinaPRAfld (d1d 3) teHhinkl of 34id

first node conpletes transm ssion of said logic high into said bus for the
full period atctiftes for implementing afcustantdodw ed aptadi tg iproducs ziattriisurkeng pulses to

resenting | agi igh in st b . . .
P 9 Todlf dzna s 6 pcrfgg'n (cu?-rgxgt) 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 -



According to a ninth aspect of the present invention, there is provided a
met hod of transmitting at |east one data packet for providing a
collision-free comrunications in a m xed-node nulti-drop random access

digital control network) wherein said 29 Novenber 2002 hAs! udes
at least a first node and a second node each bei ng adapt %%ﬂbgbp%ﬁ§%6§ and

recei ve data packets through a bus via wgch said nodes are connected with

each other a ﬁ-{%f'%rf'sfa}ﬂt g whinedreR Logiing Mbaltiens aishdlpiApRamdiel

i ncludes at [east a I'ogic high and a logic Iowto be transmitted into said
bus, sai d nerdgathtéduditesticurgent eppdy wpwidoransiityerand paid agcgivier and otherdeeanedks t o
transmt said. logic high into said bus, said first node: ( 1 ) checks logic
state from siig f""’(’g) starts to transnit said |ogic high into said bus
if said bus presents logic lowin step ( 1) above; (3) conpletes
transmtting said |ogic hic%h i nto sgid bus for the full period,of tEe
time-width of tHECSEIRE FOFITEtHASBIE! OARRF PIEIeOiARNENUCR. dhqre IS Proxtiae adBERe t o

transmt sai drl.o@infurk@Woh Mho: Sdkéh Bitde coirfudiédivh H@0&odb) etk Sybem,
transmt said logic |owinto said bus,; (%)mchecks l ogic state fromsaid

bus; (3) chewherenhszideysiaminsiudes et Hirsledl Iifginodaga seqpad Rodgpa pamgr supply
ts st b ' ' i .
tromer sei on e R BN pitded hbna Shetnt bhdlecPlSRUEHPABURS i g bys,

time-w dth otopiising dg ttepsof (rf genaratinb as ldastepfinsnelpcteis grudsery datbfist hads; i n
step (b)(2). According tg tenth,aslgect of, t he present invention, ghere S
orovi ded a | FRSEETIERS SHLTIHFIRTS PUSIA FIGPRMG SLBRY oS iR e TSPHRASFR / dat a

via a mxed gRERiAUS MR ENARING \efist ?ﬂeéﬁ%tcuﬁ'éﬁtrﬁ% RRMESwa sl dhiadl 1lat a

si mul taneously, said transceiveér including current node transnitter means
for i npl emenpassgtheoughr saithcuitesptoavidipee donverisr gukioe telinducei @ least raesacopdil ses

to said bus t erforma rent. . {hansm. SsSi Q a vol t age node
receiver meaﬁfs)ec rpug)sécgfdv@i&a%{ﬁélgg%dsglds%fg nacbeelecgrﬁ{n @gc %‘Ed séaécli]gusbus to perform
vol t age node data reception. Brief Description of the Drawi ngs Preferred

enbodi nents of the ipvention will now be descgribed by way of exanpl es, and
with reference tAFCORENG IR A APEN3SPAE A BGPreE ’PYF“HHP»&K‘?” is proyided 2 method

for medium access control in a2 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 signals into a bus 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



29 November 2002 _g_ Fig. 1 is a schematic diagramof a conventional

vol tage node multi-drop network system Fig. 2 is a schematic diagramof a
conventional current node nufti-drop nerivork system Fib. 3 is a schematic
dia?ramof a first mxed nmode nufti-drop network s~~steq¥gq&ﬂgﬁbégpdog t he
present invention; Fig. 4 is a schematic block diagramof a first

enbodi nent of an application systemaccording to the present invention;

Fig. 5is a schematic bl ock diagram of a second enbodi nent of an
application systen1accord|ng to the preseat invention; Fi~. 6 shows the

current flowa t he vo e ch f aj ts Q he_ s en a
negative pul ¢85 strat“rs%%‘ﬁint’t"?oefim? ﬁf‘%%{’ﬁém‘ggéﬂéwg Fgﬁ%‘%&’ﬁ’ﬁ cra celo\?né"jﬁl1
t he enbodi nerﬂrsts?&wi'ty' fppehd - orsaidb@s; ahd (BPNEishiAe seHdihg Hhidf bﬁm angaill Hast
vol tage change at certain p0| nts of the sytem when a gl?smlve pulse is

transmitted inelasity irtopiaid hwuifardbefulepernd of pscetimperwid Wsh o588 ESul se
has | ust bee}c’ﬁ%@ﬂé‘é@d &pgagogﬁqnlggg (b(fni t he enbodi nent show in Fib. ~;

Fig. 8 shove frame rmat u n the systemaccording to the
present invention; Fig. 9 shows the data bits format used in the system

cocor 7, Lo e RS ] RYSRF Rl B 0 AU ARS GO R

used in the syst resen 1 NVen
show ng the reahedtdfv eranahittingg at ileast Qanetdl‘Eea fakleeti for bmw&hﬁo Fiogllisiod- ﬂrae a

fl owchart show ng the, process, wher ode initials t.ransm §si on;
13 is a tini ﬁ@ﬂgﬁ%lﬁatmwﬁmﬁ%ﬁﬁ@% Bl aErSs QHgiah GORA BTy

avoi dance acGEdlLingsy ?]cp nbBRP @JEE ak 4B G I B5: ndaegﬁxd d4e@Hd dode &ch being

fl omcharts show ng t back- o met hod for collision avoldance; Fig. 16 is
a schemati c tHdepteddo ag«namtshdmmg/eadafaomackmwoss&saém arm:whmhrﬁgldt nodeh ere

present | nvention...§ QNLel (hs LOUonRqRR, A WEIRANG 165N SMbleir s 48/ dat &

packet includes at least a logic high and a logic low to be transmitted into said bus,
said method including the steps of:-
(2) when said first node seeks to transmit said logic low into said bus, said first node;
(1) checks logic state from said bus;
(2) starts to transmit said logic low into said bus if said bus presents logic
high in step (1) above;
(3) completes transmitting said logic low into said bus for the full period
of the time-width of the said logic low; and
(b) when said first node seeks to transmit said logic high into said bus, said first
node:-
(1) starts to transmit said logic high into said bus;
(2) checks logic state from said bus;
(3) checks whether a pre-determined waiting time is up; and
(4) repeats steps (b)(2) and (b)(3) until said first node completes
transmission of said logic high into said bus for the full period of the
time-width of said logic high if said bus keep on presenting logic high

in step (b)(2).

According to a ninth aspect of the present invention, there is provided a method
of transmitting at least one data packet for providing a collision-free communications

in a mixed-mode multi-drop random access digital control network, wherein said



-9 simul taneously; Figs. 17A to 17D show the respective waveform of the
vol tage at the output of the mcro-controller of the four nodes in Fig. 16;
Fig. 18A to 18D show t he reSpectlve wavefotin of the sink current ia, ib,

i~ and id of the four nodes in Fig. 16; Fig. 19A to 19Bg3{Rnikis 2002
respecti ve waveform of the voltage at the input of the mcro-controller of
the four nodes in Fib. 16; Fij. 20 shows the waveform of the DC supply
source current i of the system shown in Hy. 16; Fi g. 21 shows the waveform
of the i nducterwabiindadesuat keast & firgf nadeeand, gt sepprchsode ieActFibging1@apreglo 2~

cl'anp of t ho SESPL PR A<l ek PRlelsnl sl G I SHEKh LeHE e Uk Gho IR,
vol tage vp a(wlﬂﬁéachlw)dﬁlandilcbmilmtﬁigéﬂ w;rirbdi-m tnigid, h&lcmsamctata)mkétrinﬂhg)es 16;
Fig. 24 shows the Wivefﬁgm of tgl s vol e v ofdt he %}/%em sh Fi a.
16; and Fi g. 31eass2adogie figmand a 03’6 Chille;i %\ e op

net wor k syst gﬁ@lé&iﬁé’&@s@ébst& the present invention. Detail ed Descrl pt i on of
the Preferred Enbodi ments

(a) when said first node seeks to transmit said logic high into said bus, said first
node:-
(1) checks logic state from said bus;
(2) starts to transmit said logic high into said bus if said bus presents logic
low in step (1) above;
(3) completes transmitting said logic high into said bus for the full period of
the time-width of the said logic high; and
(b) when said first node seeks to transmit said logic low into said bus, said first node:-
(1) starts to transmit said logic low into said bus;
(2) checks logic state from said bus;
(3) checks whether a pre-determined waiting time is up; and
(4) repeats steps (b}2) and (b)(3) until said first node completes
transmission of said logic low into said bus for the full period of the

time-width of said logic low if said bus keep on presenting logic low in

step (b)(2)-

According to a tenth aspect of the present invention, there is provided a
transceiver adapted to transmit and receive digital signals/data via a mixed mode bus
which delivers direct current power and digital data simultaneously, 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.

Brief Description of the Drawings
Preferred embodiments of the invention will now be described by way of

examples, and with reference to the accompanying drawings, in which:-



At present, the nbst comon network systemis "volta?e node network". A
schemati c diagram of such a systemis shown in Fib. 1. As can be seen in
Fig. 1, a nunber of nodes/transceivers 10 (four as shown in Fig. 1) are
“connected to a bus 12 to fotTn a voltage node network g4 nge,ﬁgghzm;gthe
nodes/transceivers 10 is a voltage node transmtter 16, and a vol tage node
receiver 18. The transceivers 10 (e.~. ElI A486) of such a system 14 operate
by neans of electric volta?e. The digital signals/data transmtted through
the transmssion nedia (i.e. the bus 12) are in the formof different

| evel s (high or low) of electric voltaj-8-I1f a nmediumof a smaller nom nal
capaci tance i s Rifos$eR3, a adberh&ticudagrant ofonjcanedntionalwolage frddei melti-drbp a

hi gher input inpedance, the systemw || usually be of a higher fanning-out
capacity. FéFm@k]ébesl‘%?9 an El A-48~ transceiver usually has a fanning-out
capacity of 32.p;HONRVEIhemarUiNRYA WP &lcoR M onal EArreniSHBAd BLILARBGEEAREE and
a hi gher inpedante will reduce the anti-interference capacity of the
system As aystgsult, a voltage node network, as conpared with a current
node network (to_be.d] Whe i YR f . tside
el ect r o- magnet irpg'ff 8 adg&%%%ﬁg dgga%h;ﬁ; %rfl‘?sr%ggd ﬁ%?ﬁo’%{%il%gégﬁ&ﬁoghg* Ié;?hlr efers
to a currentcathdiag tote preseht indmtipnsyst em) a schematic di agram of which is
shown in Fig. 2. .Sshove in.Fiqg..2,. three. nqdes/current de transceivers
20 are connect Jdg\;"\‘nit‘ﬁ aa“?’ﬁ?‘?‘é%k’%%ﬁ%@fft B%ggr?ﬁ’go %P%H}Da@iaﬁp cation

cl osed- | 00p s{4#8m Adcorfing o & préventinvdidiegi vers 20 includes a current node
transmitter 26 and a current, node receiver 28. |In such a system the
transmtter (e.kjg $ope-sghepmtigrblogkdiagram ¢faz Resend cabadimsnéiofap appligption

HCPL- 400 of ) : hy. means of electric current. The
digital si ~ﬁg$%§géoéﬁ)@r%gﬁgh%%r€sg§ﬁ?{r’l : é’ transm ssion nedia are in the form
of electric curFigné shbwdithd ewesnt fromgand tdevdltdae kh&prca) cerdin phietsr cever of

a current node system has.a | qw.i nput i npedance, such a.system usual.ly has
2 higher  anSTSFREIRE IRSEEYERHISr FonSIBRRTLS the s 2P ookl el by AUER VRIS | n
such a net wgfike HBOEmER: MEwhiimkrdsup to forma closed | oop. such will reduce
the reliability of the system “In particular, if there is an open circuit

at any point, tFig ‘hdpwsdhecemsnpiflow préshe watege clitreef in¢firgin peintscefptei ty of
such a tran LV ' ﬁmPsl l.er sf.em can
usual |y congi&gtﬂ %eéé ersgﬁet ruaﬁslgéﬁa{llg{rh;n.eg@gﬁhgbgéj/lg{}%?néc%guegwgf%%g%gnI y
sui t abl e f oraftas®negutize pulsphes jpst bean glansmitted ires ercrisirtlid argboddmenvsddwaiode
nmuf ti-drop neg:wor.k system 100 according to the present invention is shown
schemati cal 'J I 7Fig. 3. As can be seen, three nodes/nixed node _
transcei vers 102,588 &nh6@5 RRCARA Nt HoRie BOPINEE shQerh UcBb A BYHE prasdf0 Vi a
a bus 104 in the formof a single unshielded twisted pair (UTP) wire. Each
node 102 i ndhYfM8@8Na current node transnmitter 102a and a vol tage node
receiver 102b. Fhegt ' I i S [ mts
si gnal s/ data vi g"t ﬁe&%t%q%gg%o&%%gg?&n% gs‘ %i%%,%{eanyngcgﬁg&l“e%gﬂgséfe%%gzb of
t he respectiiweentiodes 102 recei ves sianal s/data from ot her nodes) 102 via
the bus 104. 1t_shoyld be noted that the digital signals/data transmtted
by the. t rans F& L0 SN W Qefapat i e B ol ERFOFIng e AP ent
magni t ude ( NBidhspace). On the other hand, the digital signals/data
received by the 29 November 2002 -11lreceivers 102b are in the form of

di fferent (highFig 11 &y tableshowingfthetesprctive waiting sigre. ofAhg pricntyriecisd with the

nodes 102 via the bus .104 ks DC power supply 106 .and a converter 107,

whi ch acts as a?b“’ul g% léeﬁeb%‘f’g}m fﬁ%‘”‘é’én%n@ﬁy‘:ﬁﬁ ‘Y}P?E%}'d@s nggﬁuwtéa}ﬁ 2
control | er lgdhsididsidn; provi des an electric current i (v~ t) to the system
in which the nmagnitude of the electric current i(v~, t) varies as a,
function of theFid ek isi & timng fart \showingos snathasd farracsess eantrol aint egollisd® and
the length of ] .| i he el.ectric current flows through the
current contirngag?e %ﬁg?cfle%%ntégpggctthnv&g{;%,l el with the current controller
108 is a vol t ag@igsontr ahd €5 43l Sewerakls echowvifd! ke Bhcl-6ff vV RlethRE efdz OdlIRdi 6121 )
110. This voltage controller 110 ensures that the electric current from
different tr& ¢ers 102a wll be converted into the sane electric

vol tage for tra 1.8Si.Qn_into.t o Q4 oth function of the voltage
controller 110 ?sééqlo% 15ﬁsﬁb%mgthca@,gc%%ﬁga?rnoF'hemﬂ%ﬁeﬂéﬁrén? easr?'épﬁn% Pcecronfiﬁgzgo are
transm ttingthei pigkénaniaoettion, ifi Nehich aké ribeahodssl seem@vel tiafsthibesigiass/dddd wi | |
not exceed a pre-determined range, e.a. 1. ~ V -3V Afirst enbodi nent of an
application systemaccording to the present invention is shown
schematically in Fig. 4. This system 200 includes a network power supply
202 electrically connected to two nodes 204a, 204b. The network power
supply 20? is electrically connected with the nodes 204a, 204b via a bus

NN S o - - ———



-29 Novenber 2002 -12current coupling circuit 228 directly couples the DC
current in the bus 206 while not affecting the digital signals in the bus
206. The node 204a is al so connected to an application nodule 221 i ncl udi ng
"a mcro-controller or processor 222 connected to a sensm Nd¢émbéia02 s
enbodi nent, the sensor 224 is in the formof a sr~ztch. The transistor 218
is connected to the output port (O P) of the mcro-controller or processor
222 (e.g. INTEL 80C51 series), which controls the operation of the current
mode transmitter 216. The current coupligng circuit 228 includes a zener

di ode 229 far ﬁ)r oviding a regul ated and stabl e direct power source to the
node 204a. ﬁ*ﬁ%‘%"‘a’fy’the m cro-control ler or processor 222 is also
connected to t g UTACILITE0HIM (e respeaitictwaRforshef eleydltage ai teauganiorol | er
or processor 222 is also powered by the sane DC power source 208 of the
system As thé miseo-eruueolispaithe fayg Rodesdn Kigeda vol t age node receiver 226, a
current coupli iQraC4dl i if : \ An th se of
t he current co%%ﬁnggA f(:6i lrggﬁﬁ%@ggréﬁ&?ﬁggﬁg%%&%gzggStlﬁ}g&érruﬁelaﬁ{b’ %b%p i?ng
circuit 234of thetfne nuddeinXdblédi rect |y couples the DC current in the bus 206

whil e not affecti the. diagital, si_nals in the 200, 0.1h |t age
node receiver %%ﬁ%,@%ﬁ%}%%g r%lsp(%%bvzgc‘?’ VS?O %%%d°§%ef%\}§? e F%ﬁl@suit

(i ncl udi ng uf&bsdoatrslld3Fahe R3Bhnde dBFigand] a transi stor 240). The transi stor
240 is connected to the input?f)gort (t”P) 8f a mcro-controller or processor
242 of an appl ifdat #OANINRI eV RO g At (AR M) SETTY d PP &S RCei ved
fromthe bug,2(6ii fib014;he m cro-controller or processor 242. Upon recei pt
of such electric pufses, the m cro-controller or processor 242 may then,
accordi ng to a Fgelohomstineaveforocefdhe mdugtorsouretcugrest §bthetsystamsbownol
nodul e 244 to ioej1 ormcertain control functions. In this enbodi nent, the
control m)dﬂﬂg°2 P includes a light bulb 246 which will be turned on when
certain pre-detgmnsehvel B tavefopt lof gise aurfent §ofdwiad thivughahdrbicdieectiondlr ol | er
or processor_ 242. The current caqupling circuit 234 includés a zener diode
235 for pro¢lammef he pestpm shand i5dde-d6abl e direct power source to the

recei ver 226. g YMhdils hB%aTbRhA of A {Alldeh, Aol E B ARecAR Lifmp! T
connected to the“current coupling circuit 234°whereby the m cro-cohtroller
or processorhoytemsshmiveangosvdbed by the sane DC power source 208 of the

system It can Je nthat a conplete.co ni cation and control.propcess
o be 29" NoveRnet iRt 1y phind tBS PSRN st RO FLHERER T e
switch constaghuti ng the sensor 224 in the application nodule 221 is cl osed,
el ectric pul ses_are_caused by the current node transmtter 216 to be
transmtted i ntigt B8 ipuisschomatissdiagrag of @rsecomlimized mader ubi-gg msywerke

vol t age nodg '§t§x%eajc¥@r'ain%21§tﬁ%fpr££ﬁt NO8Rio404b and inputted into the

m crocontr ol Per or processor 242 to output a signal, which is in the form
of the lightin~ up of the bulb 246 in the present enbodi ment. Electric

power is also delivered [e;aolrgdwe Dg: Quer Source 208 .t 0o the vari ous nodes
204a, 204b and appl i cat i J..'.lmqgg%g—m%ﬁ%m e SR 200. In
particular, it afprdients @@nmbiadontifort heMeHO Eysdm ii$ “VEleder B0dé Retildiris’. SKSt em
It can al so be seen that, because of the existence of the bridge rectifiers
230, ?3? i n schematissiagram el neblasystemas showp in Rig. i sSAncan he sedn in Kigclira i n
the system L. [ For present
connecti on) ebeg?{ég?&rcpgmg%gﬁgﬁsﬂ Zbﬁrf(g?na? Eléow&ﬁblrﬁg%gérrg{ggﬁaggﬁkpﬁT Foow (in
t he convent i formmavoleagy mademetberk nadeln2édh of ithe fbdedradsddiverand is atvaltage/i a

di ode 2~Ob. Evgn if a "nf'ri-\/\érin " occyrs (.as sho by the dotted lines in
Fib. 4), theMBfeEpsten;is and 2 vpizgeReieTecHsHerS: shif kanssoersi 10 (e &M nt o
the node 2044g3yi g diadg & 1angd U Sy i o~ c £apre
ensures that tsze dlgl‘ ecti gyr?go? thep'%rﬁ%w %fsmtdﬁ]g %g%?}r%coglﬁ?%nméqn@t{%e node
304b .. and sipmalsigqth itransmined thobugle tidGansmisdion madia (ier dxpbad | Yearefintthe way
in ~.vhich the w of the node 204b_age connected t he, bus 206. |t can
al so be seen Wa?{‘gg?e%if\?bﬁlsiqﬁ‘ggi"??o‘ﬂ), 0{ FECHC| V@ g"r-ei:é)?ﬂeé‘i‘“@aﬁaisﬁ'@ﬂlﬁﬂe t wo
termnals co i : k| non: [t Yor | s frace

W th the bus Sua (e iRRcRIcresth bl ISt Lt it Bhecver LELBARET
and a - ter ninpat imfduance, the mystenooyill iusgallyl be of & Higeri fandingent aamaohg.t Fot
current source 231 w term nals, one of which being connected to the
+ termnal of¥ e,m%@gag\ggm;lyr usyglly gﬂ’?@t‘{?@méﬂ&t 64Pat°%§ Ogdﬁstl'&me"éﬁrrent
source 231 is connected to the - termnal of the bride rectifier 230 via
the zener diode 229. By way of such an arrangenent, electric power is
supplied to the application nodule 221. The transmtter 216 al so i ncl udes

the transistor 218, which includes a collector coupled to the + term nal of
the bridge rectifier 230, a base for transmtting data to be 29 November
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"As shown in Fig. 5, a transistor 309 of the current node transmtter 304 is
connected to the output port (OP) of a mcro-controller or processor 310,
“Wwhile the input port (I1/P) of the mcro-controller or processor 310 is
connected to a transistor 312 of the volta?e node receiy§NoI8MbeBZOORY oOf
such an arrangenent, the m crocontroller or processor 310 can control the
transm ssion of si~nals/data into the bus 308 via the current node
transmtter 304) and can receive signals/data fromthe bus 308 via the

vol tage node receiver 306. The m cro-controller or processor 310 is also
29 Novenber 2002 -15connected to a,sens,cir103l4 and.a control nmpdul e 316, the
operation and FmAker prpaciancgnanch aghighersimpedanres Wl afﬁg‘%fé the ERLLNMERFTECSi t al
data network c’ﬁ%&fiff@ﬁ @e s?@ta | N@s SCRNETUN G&tab® MRt QB! Ak chiphfHSwith a
realized. The cfo-contfoller or processor 310 is also connected to a
priority set tourgnimddé ee@wsk (tohke fligeusssdobelow), ihimsine eadily interferescbis swdidbel ow.
Fi?. 6 shows E)CQ? ggﬁg(’r%ﬁt fl ow and the voltage change at certain points in
the system 300 WRenH 8§§.|’ve pulse is transmtted into the bus 308 and
received by a receiver. Before proceeding with this analysis, we first

consider the idle situation in which nQ node is . transnitting an

dat a/signal s i nt‘gS e b?}g're@@)é‘.mdlenncttﬁ?rg‘ s PYCHatSBIY r?afﬁg Eor%lrfé‘?rg’fno%og%@o?n t he
current node $hEaNEEp sy REm3Q4ckimdtiRaliseaa Jfswitet isOfHownTIEFik! 2NAE $Ho&h in
voltage (v,) and the voltage at the aPpP of the mcro-controller or
processor 31Fig.s2,|thige npHes/¢ustest Mode Wanscaiyars(3P, are samnactrd Wish esyEenitsourre |/ P
of the mcro- t I C I i . - IS
Va. and the ouobita says e, HatCapaliiohbl 1, TR of Mo s 2 ARRES 0
(e.g. a swit clurrest mods edhsmittee 26iaad @ aupreht modereceivepl®cds sach 3 kPstah, thae

packets wi th rsBiadtar Hah t1Beote kol ol Bl e Regerdl ot
packets wt B e B -3
el ectric pul sgebrapdkaRt) Wpdtdle byOhedns 6f bR &urane M thedidifaf QichRe/abids

308, the micro-controller or processor 310 will output a positive pulse of
a time-w dt h trngmitted ipftba transmisgipe cadiacarpun she fosmraford¢aimel cwyent o8 differprti st or

309 of the tr ggm’ e ,L.r. I 0 t t si nk
current of h r|§s° I Hg%gﬂedéﬁgﬁéa c%?aﬁrssnt?%] ﬁéd&?’(r)c\’/\fgar %‘rsrﬁ%’?ﬁi’%ﬁég%‘?&g‘ﬂag%| lﬁégg}&‘?tce
320 vi a t he hupedfiRe, Axhthisteny sttty hanathighet esti-intedferspt epacient Hbwoyger, t he

electric curren | owi ng.therein would increase i.nstantly_ fromto to to +
P (10 fact (5 k6 IR Lo SREP Tase 0% IRRed uf 9 T based Bphoe 1 1
i's negligiblesyuchWal reducBPhe tedisBility & Be 3FRAQHNn Pﬁ'ﬁ@uﬁu A thBleSis ah bperf MFdu@nt  of
lo + i(t) will then flow through a cored i nductor 322, while an electric

current of | ratany@ejntwhe|widlegystem sl breaksiowai rldetfanmag-oubtaragity ef suep a324
in the sanme dj 1 h + ] . se .

conbi ned el egl!{%nsgéllé%p? gﬁf’ts?\%g\%\ﬁu r%?g’]émaé&fq?’raoéﬁﬁ%ﬁtem%’ancd%c (r)rf gwggl%&%%%{&e

bi - di r ect i onadevemal trageeiveanButi4 dysteinOis thdreforeTdrdy caingbd fiptuse (i } sinplogeth of
these electric currents varies in accordance with the tinme during which the
current |o + MEBANREGERERICMRH. - 16i (t) passes through the inductor 322,
nanely, fromt = 0tot =1t As the inductor 322 acts as a current

controll er which prevents the sudden increase of the flow of electric
current through iA mikedi mgde hmukti-drep bastwerkn system 01 thdceording, td ghe firgset i s
smaller than to +.1.. so that the uppl y 320 has to SS an

S0 tronal o1 ¥R is shfwh dehsriaRaBaIE T, BERR Yo 86eh, B ilePBRZ M4 age
clanp 324, whirgdbcaived 1@QtaPe aSnrRcté® WitdRie GRGhEQD Ifei Ee'syeiBin 100 WRk bageo4
converter, in order to fulfill the current requirenents of to + 1, of the

current | oop Bfthefermyoka sisgleomshicidad svisted prisdVAPY wingr Eagk npdol@? inpludesh t he

bi -di rectiona r=To 5 he L fecti th >

flow ng thr oug‘ﬁ}[%e I ndtﬁjc gﬂ Stt%gg(?-a}n tﬁieagg 1?"{% lg{"{eecfe%ie@@rpmbé ??‘?g{aﬁﬁg‘té‘é ive

wi th referencé0laof the re¥beativiel mRiew 102 NrahsMits rsignalsidach oRdthevihiisC 0 g athey €

electric pulse is then transmtted into the bus 308 to be received S% ot her
&

nodes of the 38SaiSIsi end thanesheiyemiQZhafithe easpedtive @oden L2 wseeiyes sigpalsifaten T
of r is recei ‘ﬁ%qm %%{ceé@ﬁgs? llbfngz'zl tHQBiE {dC§t %’ﬁ%%ldf’&e"no%d ﬁlgtethg.(a%ta?’gé%s?d%tﬁu S

capacitor 326 cou negative électric pulse 1o a resistor

drawi ng a negkraginhitted dyetbe ritansitter£N024 areVihithd) fargn bfskctridadureaebhoiffzeandt h
of the current I,, This causes a transistor 330 to conduct and transmt a
posi tive el ecfaeBitpn QMarsfSpace) fan Wecrtherhapd, the digiehsispale/deta deseives|yaehe or
processor 310. In this respect) the resistor 328, a resistor 332g the
transistor 330 and a resistor 334 conbine to act as an inverter whereby the
negative electric pulse of the tine-width T of r is inverted to a positive
electric pulse of atime-width T of r. This positive electric pulse is then
inputted into the mcro-controller or processor 310 via its input port

_____ o o, o e o o - o




In Fias. 6 and 7, while it appears that the node 302 seens to transmt the
electric pulse back to itself, such is only a sinplified way of show ng a
conpl ete course of transm ssion and reception of electric pulses. In an
“actual system) a first node may only include a current pyaRvembesaoo2er,
whil e a second node may only include a voltage node receiver, so that an
electric pulse can only be transmtted fromthe first node and received by
t he second node (as shown in Fig. 4 herein). Preferably, as shown in Fig.
5, the system may include a nunber of nodgs. each including a current node
transmtter and,. I .mode I o : a

tr anscel ver WASFOBY (OBar e o SE e TReh B o A R e 2ol o

t he nodes/ 29 Novenber 2002 -18 transceivers. As can al so be seen, the
node 302 includes, a bride rectifier 336.Wth t<vo r.m s for providin~ a
non-pol arity int eYFREMRFER WiHeths RodesoR02 %A %P%Iéb?é%?i i @oweﬁflﬁ)ﬁ?g‘f 166
includes a + tof BcBRler@PY0R whitleh&ts Atk pulddepeabliat @N THEOEVERGNRIT intl@Res3D. |
is coupled to the + termnal and the - termnal of the bridge rectifier 336
for i npl enent Fereena conirpidart 108owhich rroviderdar iekgtria ewTentd pufr EnthepiyFieads i o

t he bus 308 t r : apYISSi 1. I de
Fecei vor 306, VLRE LENHSRisgal SEAL ERAE IALA (DRSS RO RuldiBn Kl A
bride rectifi eolts386/, facmwosy theeumentrmantrollerad@ apdithetength ofembusiugog whichphe f or m
a voltage node data reception. The, node 302 also jyncludes current, .
coupling cir cﬁ%efmﬁcf’?m(efl%@?‘i‘jﬁﬂ’ﬁ%“gg %Bﬁg?ﬂﬁtcogﬁ?ﬁeénltdéw ?rglgcf,%sin gﬁr&ﬂg Yither

di ode 303) whitehcirfentlcoatrélied P08 dis ta0valkge fwonebliem@lsoatallddh® currksr 161 vodagef
the bridge rectifier 336 for providing a regulated direct current supply to
t he node 30?. camertedr Hént Thisdoliegn fentalicel 18 casirg thatele telrstiq avsins tlem 309
withits coll o rJu 0 bel t L 6,
its base for ?ﬁ%ﬁ%ﬁtiﬁg{gh‘gﬁgg '?1 gbggm?lr gﬁséﬁﬁh?%eg Enotét % {ﬁg}egtﬁgrk@gg? %ﬁd
its emtter caumnedsiowintbahe baeild. nAhothkr funetiom ofl¢he ecltigei ntrdB& Midas ao
resistor 338. The ﬁ%l t@gg node, recei ver 3061&.pcl udes the tr.ansi stor 3%0

Wi th a base afitf' tahI d?"f&glfﬁl"é‘& tragstpifisr 103aqrrtraRpmiskng HEnuppepyely- the
rectifier 336elebirREOpulidievelas iifet ks 1884vifl Qbt OtePdih prdBetbhiné@ sk eCceilved
fromthe bus 308. The receiver 306 al so includes the capacitor 376 which
coupl es the basd-of the transistor 330 with the + terninal 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
306 uzth two ter m fiadtembodenent ofdri apiplibeiongystempceckding tohire prebent iiveadioros t he

bridge rectifier 336 for. ur . n' constant_ current. Another termnal . of

the Sonst ant CTYANPeEBHFID 8468 4s RELHREE 19 THEGE § ariHoHaPosH eV s0Rage

rectifier 33D ekkcfticallf cafmREeddoqdd ndfdsds D04, POAY! AiHRhedwbAIpbWérefipbly 202! {sage

source. In a preferred enbodi nrent of the above system the worki n? vol t age
h

of the zener eleptyicRily epanected 0th the nodeg286in 286 viasa busolfi6 (n thelfern of weingle
potential of : e 320 is approximately 24 volts, and
t he range of w%%&%%&diggwﬁ?fgﬁgfand vol tage pulses in the node 302 is
~-~CkHz. While only the transm ssion and reception of a single

negati vei positive_electric pul se is_descyibed ove, it s | d of course be
under st ood t hat, The ?W°Q‘cﬁq§¥ﬂr 5‘%‘?&%%& ’@ﬁft{da%ﬁ Q?ﬁ?‘éw?fr%%%ggﬂ‘da%&o“ﬁ'%@ ved
in the form Of(ﬂ%%@%ﬁtﬁﬂseeéﬁ@ra%%gﬁpﬁgﬁ%aa AR e oBfroIRRSint thY Fo RN Of a

negative signals. In the prefefred e according to the present
invention, a posidindecten?ldeandanvoltage/cdntrollenicuarentpatdliage pomeeter Fothe fdrinsof

reason, each byt.e..co ces with a.negative start bit (to be discusse
belov) . For "t EDEHiFRRRRA S TeghCtaP 20y o iF eXaraib otpe voltags, SGp A2 eltdes
under st ood t haivoapdiRJet dib8eP | £L 208b tab@nbuss i pARAREN B SppodREidudtichsdefhened
as a logic low state, while a positive pulse on the bus/transm ssion nedi um
i s defined as autpwdramihg PG peower. sorrae 208opdsess thegughi the dndustirc2 I0obefprs it és be
transmtted, ne ive ) as to be transmtted to the bus. If a logic
high is to be%@éﬁ’z‘#ﬁdtt?élge%'fsﬁzgﬁ' a positive pulse has to be transmtted 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 hiﬁ;h@pdpﬁ%er includes a pusentnmdd FansmitiegBé6 (Uichuding ®ftransistor

transmtting i dat a/ si gn into the hus. .Ref ing first tqQ.Fig.,8y. such
shows the pr efielfgr aeaf ?g 2 LRPHRL O ‘i“f?u{t%rzg 5€’§§t gefﬁ?qgﬁfg’% The
"Manchester-1|ike" data coding in which a pulse of a pre-determned tine
duration of T represents a data bit "1" (irrespective of whether it is a
positive pulse or a negative pulse), while two opposite pul ses each of a
time duration of TlI2 conbine to represent a data bit "0" (irrespective of
whet her the first pulse is negative or positive). Each byte includes eight

. - o .



29 Novenber 2002 -20Turning to Fig. 10, such shows the data packet fornmat
adopted in the present system It can be seen that each data packet is
separated fromthe following one by a waiting/idle time (to be discussed
bel ow) and a start bit of the follow ng data packet. AsogmyveaitRd 28bRve)
the nodes in the present system can be assigned one of a plurality of
priority levels. Such is usually carried out when the systemis set up via
the priority settin' nodule 318 (see Fig. 5) of each node. For an exanpl e,
and as shown in Fig. 11) seven priority levels (fromthe 15 to the 7 ~)
are set up. Each priority level correspohds to a range of waitinglidle tine
separati ng therent ensihing sirouit @28 datalypawkizs sheol) Ct duerenontethe dbus3D€ lwhilb @ot

riority lev i.s assigned.. In th referr enbodi nent accordi ng,to Fig.
D Ot he t of eiitssiine R Bitabsizndls inheMiS A0, CThe RRROMR G Preshedtd et o
tine (in ns)apMicedbd S8R0 iificliding aGicRaddntrelbrdr frbidesdrt 222 @nabctédll a t O

7°h) and a random w-aitin~ time (in ms) within the range of O-lIns. For data
packet s transsipart 24 byn shipsabodisnanhi BR sanses 2261548 the form ©f 3 syigh. j She

assi gned, t i C i:Li i i ”@f‘gjn AR L

v~~ai ting tir]@nzéxg?sg%t \%vey\%r%E éégn%%mitdrm%é irbgltt gél&gzénﬂep ate %;ﬁl?ﬁew%uroﬁngm

m cr o- cont r oproeessar 232 @ ISTELSBOCSH sepen).t Which aentradsithe ofiseatmatafahe ¢wteat

waitin' time is thus .bet 1-2ms.. For,.dat.a et ransnitt.e node
to which a 7m9-3%}f5%5§“BF‘i iy P?‘ﬁ%%‘i“ ﬁ°§Plé%%?‘§°H§??§ﬂWz“‘iﬁéiaﬁeR§’ ‘%‘P%e?'%ést%f he

| ongest, nangloyidiia réudted afd Etabld AitevepdweiGotiicdRo Ried WERN20385 Tie ¥pgefi S
then generated by the mcro-control]|er, of the particul ar node. The actual
total waiti ngeRigE-¢antioNgs onFPGRSE 222dfalso Aennecisdde the surresh FQuRking Sifptit t o
transmt datey At i g9% i

t ransm ssi on"(stogﬁ%%%gitpggglgcsrggsgtg?l%\fv)o? P f egr?gaé- ?S ogg%?éc‘ﬁkga?d%hg g?"g%? ¢
priority | evpdwirsoassi2§Ref theisybtemave a nmuch hi gher chance of transnmitting
its data packets than the node to which a 7~ class priority level is

assi ?ned. Al though only seven priority levels are assigned in this exanple,
a different nunbeytothedhody D04b, |savieliscieds 4 Roftae! mdae Sedeivtr. 236) adgidtdnt ON,
more than one node may be assigned the sanme priority level. For exanple, in
a certain synggtcmmhad‘égnc}mgnége ®sufigfvSd- Asiinghe gasg o the susient coupking| |
and three no : : i X s Prtar I ” er
2002 -1 Fi ooyl B HUPHHCIAL B Chober ARG el s |-G moge 2880 RURE R
of data packetuplesBbt Decurhmnt nottie bes 206 whilonotraifzsiing tha digitad sjgaek ét thedus

waiting/idle,tjime, for the transnjssian o hat, partjcul ar data.packet w ||
be gener at ed.zaéud“hs 0 s Y‘?lﬁ’éetrf’% EoRpT é?eés Sich é’?ﬁ!i‘bc}ﬁs\ﬁaf"fﬁaﬁﬁort ?%a‘é‘gﬁ‘ér at ed
by the microifents elrb @t (REludMACRSERrs 2584 hE3880088c ARG AtRAGkHEr WAL | Mhet i Me
corresponding to the priority |level assigned to it. Awaiting tinmer is then
initialized. rapsigter %f? 15 eRIne¢tpd thdgeinpiy port Ao ftheidrercontsellgs s racessor
avai |l abl e/ fregg, f.or IS S S ~ Rot. ey ' L:

et ni i al i zog ofanepBRSRTA. 34 BB inpddify 1R e BLREL rbbivq B e
is found to bes a04iihtabthe/rhicaecdmroller anpricesson 242 bUufpdnheeceipt tof Bgcl elRetrics not

yet up, the node wll . keep on, checking t availability of the pus for
! anshi ssi on P, Shmiste <pulqlist A sos Ret HPra R e lo 4 PEy e,

and the vai t ipRedurde give Y a lsiBal Q. ¥drdtlol IAGIuIS DAY Lol SN S&taRD Bhrdl data
packet. The process wil|l start again when the node seeks to transmt a

second data perskiens. dndhiscembpdimentcthe eantrobamodutea44 dncludnstd Sghtdbulb3dé, a

of ‘havi ng 1 ¢ et YALEE oe8 o shheni ol e AERIERG SLFeEl AP GG B
priority |evehe hficrosngbRer orHocABSVELI 2T THO GaREMcolplig Sirait 194 Pidlwlel tay

| evel s to the nodes forning the systemassists in avoiding collision in the
transm ssi on Z8Reradiras S3§ntr Providingva regulated gnd tstable dirseti powen seurce tethe

ssi on Z8fercid? gt e b -
o That | ey ek 2367 THR v 81 Bk R iR Sfolnei P e PRI T,

met hod di scushecurbet @dupling! dirit 234 thvHefebythy Ridro @ehtrbl¥dr @ proiessoh 04N isi disd-i J.
13, four nodes (A B, .Cand_D) having the sane priority Level and the sane
total waitingoered Betr same DGpewsrisobree 28p eb thewustemt a packet at the sane
time. For the purpose of this exanple only, only the start bit (ST) and
first four data bits are shown. In this exanple, node A seeks to transmt
data "1111", nodR Einsbekszef Ghitr @ndHipletél ddommuhidation ard08éntfol SERK&st@n be
transmt data "00l 0" and node D seeks to transmt data "0011 ". In this
connection, the flowharts in Fig. 14 and 1 a set out the procedure whereby
collision is avoided. For a better analysis of the process of collision
avoi dance, let us |l ook back at Figs. 6 and 7. It can be seen that, in order
to have a logic |ow on the bus, the current 29 Novenber 2002 node
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‘A f rst node transmtting a logic high into the bus may be considered to
hand out the right to control the bus. This first node then checks whet her
‘a second nodes) is also using the bus by detecting if a logic lowis being
transmtted into the bus. If there is such a second nodegNovenhserf2002t
node, i.e. the node transmtting a logic high into the bus, will have to
back-off, i.e. the first node will abort its 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 Iogi_q.il_ow by the second nodes) is in
no way affected,. th realizin WSk QD-TT 1SSk ~gase of
node A sho~~npffr§°lﬁi1€gtgé.sb yl%,e s%ﬁ% rg%.olﬁngla Ma?’%engtﬁ%#éﬁ‘??gdr%ﬁﬁfggg%é %Tn E(ge,__gel{g

| 0j i c- hi gh datie fpplicition metwe 2Re ibeissdds elattricrpuldes am ¢dused byrehelcrent mode

checks whet her the, bu orrectly.respondgs .(a..ogi igh). If no such.logic
i oh + s T ound TRITRHE B8 o o ensnird i ded 2080 B efttic pliptiast Hetives

| ogi ¢ high isgfompddifed RdeUsceivdre22806thei Adde tITRIB SRAN{pAHE Shty HD HhiERL
whet her this |6gic high has been transmtted for its full time duration,
which is T incontrellerespaareesonthtooyteriacsignayviish i ijthe fTarm pSthsdighhrg up be
transmtted. | r hsSd th@ﬁn d : Loy i of
T, the node Wohtﬁe?@ﬂ{)ﬁ%ﬁiﬁ?%%g%ﬁg t eddﬁgirﬁ' g‘lfl éty&nél ?g\?\%ﬁ L a%shecgﬁ\é gé ?\SB hoﬂﬁave
to back off, T gewer siuzcea?(fatiottheryariousmodenDéanP @4t and appdicamimsmiodulesadl, n.
In this exanpl |t hou?h ode. A, seeks 1o transmt_a Lo?ic:high data
bi't 1% Guri nga3E e egue o el 8 b s R B, et ePeEls T .
and D are seekpig'sydtémtransmt a logic low) no logic high is present on the
bus. The node A has to back-off, thus discontinuin' the transm ssion of its
data packet. It will then have to wait for a further tine period before it

can try to transm AP = LR o ~ef fyawhen

it seeks to 29%3’2%2#%{5‘ M-&’B3 tr%ﬁgﬁ}nﬁ%ﬁ?&gﬁ gé%e;%cgg%g_ 0T

during the tinetiperimdtiod n@les P04a 2840 To mis-wiriegyvoll oche ifidled systeat 20theTakeher

two nodes C and D ar eking to transmt.a logic |low Wiile. the flowhart

i Fig. 14 dedr At BOB G PETH ARRP I T BRoa RO SR F RE A o

transmt a | ogiugrehi BOmcaAE @Clgpéwé'r]s"om(ce-ZQS WiRdR Wil tid ehveRgord mABndPPintPhe 1. OT
I g.

to 2.0T), the flowhart in 15 deals with the procedure of backing-off

when a node i sroseaRihyia Gode aifanand reheEn viggdiedn? e daven 16# “migtatinng]qccur”
As showy in Fi Hown ] : oS - ] i / it
"0", it has to@%?ansmﬁ%ﬁgd}oggé ?%ﬁ’b?fg&t%l%éﬁégﬁﬁttgrr?%ﬁleﬁgikg t grcgus
in order to cafsl etleflowanwhtbe @oda@dtbvia didie, 2500y amdgretumes viandoge23®id SuchT to

~.Ol. Again, it has to check ther a.l.ogic high j|s present.on th I f
ot (as it hi GerE e pegH prafoaroonat etiey ohl alrieReREt et B and
P“ sconti nue | téud&h@@ﬁ;ﬁﬂc%ﬁbr@ﬂxo@ﬁleb_w istfé darke 4 ectivé bf tHeWeKEH, witich 8@iwirddi gh
is detected on the bus, the node C has to nonitor as to whet her the

transm ssi on~off theypede Hfbarheagmetiedto thebesc?¥or a time duration of T/2. |f
so, it will then continue with the transm ssion of the next bit. |If not,

the node Cwll have to back off, re-generate a new ~~aiting tinme, and wait
for transm ssion dganralsofse selee theet asshbwh in Fige 4ptheseridee exaifdr @30 Snadude two

wi red- AND | ogi c sysiem have, concentrated our di scussi.on and apal ysis on
the back- of f _c@ﬁ"f‘%@fs ‘Eﬂh‘Pil‘\’ﬁd%%Feb‘_EsrgWs ?5‘?"6‘%“%1“ no5¢ dﬂt.erf%*ewétgibgg‘ﬁor
the transm ssi 96, Qh whitlP HeCbridd¥ reétifer bR iHélEdJQYa 2 1POMRalPAR] &S tERhihAVSTheTNE

node seeking to transmt a logic lowinto the bus first checks the status
of the bus to ewrsamtecauphing sumchiti 228avmmiludeb| & coostantr ewseritssauwee 251 with otgicc

high is detected on,the bps,.the. node transmits.the l.ogi ow into.the.bus
for the full pSfPgHoPt ﬂgwpﬁbi%&“lgpweicﬁ@?%%'r%].teﬂl??lﬁgﬁg?/h‘?&é%ﬁcﬁlgﬁi@'@ohi gh
is detected onahbgebesd of iR ddastentvdublentSidiftel 153NS FomSdcid BNHe basdnigdifof the
can be seen in Fig. 13, although the four nodes A, B, C, D seek to transmt

a respecti vel ybadgs weshier 238tvia faaresr diede220h Bybway of suchansampgemens, elegtric

| east one node_(the nods. D 1R thi xanpl.e n successfully transmt its
dat a packet. TBg‘ﬁ%r ésb?p }e?té{r}’acr??hg%ago?@dapﬁtzg?'si ghals as if no other node
is transmtting at the sane tine. W can see fromthe above anal ysis that

this systemconstitutes a wired :4ND )
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



29 Novenber 2002 -2~ logic system and collision-free communication is
real i zed through back-off control during the transm ssion of |ogic high
into the bus. It is, however, possible to change the whole systeminto a

wi red- OR | ogi ¢ system by changl ng the current node transigNbRImb&Bad2si Nk
current transmitter to a source current transnmitter. This nmeans that a
positive pulse will be on the bus provided the source current transmtter
of at |east one node transmits. However, the transmtters in all the nodes
have to be cut off together if a negatlvci pulse is to be on the bus, or if
the systemis to be in the idle state 43uch a wired-OR system it is
possi bl e to trepsmired éwsp theswansistor 28 cAndrABATRIAET ohheFpsipier R8P i FRyPlsd @k 089
control - duri ngs 0@ EARROP PeoRarllsnd: 0P ad 4 drlfls BE 1Y - IinfindIREL
simlar to the backing-o £ urirng the transm ssion of logic oh S|gnals

i nt o t he bus bridgareniifie?30A8dxs| to ginplesy st Emanskisyionlditpus carrsmﬁewatl c draw ng
of a four-node systemin which the situation shown in Fig. 13 occurs, and
Fi?s. 17 Ato 24 show the change of the currentlvoltage at,~across various
| ocations in lthenseysfex@ae rdE'ngsr 7ﬂénaﬁﬁel7ﬁzosthﬁﬁamcwaf fnls rthc;)fbut 1266 for
respective voltage v t the ro-cqntr.o e pro es

out put (O ~PPrOf le&ewwm?%w& acﬁd‘dg‘sthﬂm "3‘0% lamsim%l erFEC“ e?he
transmtter Gomsdetall §smamh)iaRd r{ @Fmindl. { $h&BuPdnt |c8%lﬁw YRt Seelitag the
waveforms in Figs. 17A to 17D are opposite to that shown in Fig. 13. It can
be seen that constanticugentisounce AdHwith Awo Brmihady aneof which beingeomestad to the +
successful | Y, out. t ee t F- 18A
to 18D show {HE ﬁg\? St rﬁdq r?cﬁggrriel'l’s‘{)eﬁ‘?%%hegfln §hcurorn Eet%?t er‘é%[nf)oturce B3 and id
ent eri ng eachonmgpdcbithe - nadﬁnab\bérthet bﬁ@gc featfiersiy2kvia ubi¢ emer(du(ac 13, IBy', i d)
i ncl udes a basic ticurrent (1Q EF and a tr%n er current It
can be seen 'tk fhshean §”%P—§E‘F5"e° trehROWSTHR Supplicdnio YT’F’QCC?‘B“

whenever a n &~au t 1;, node.
Ao The node Aahh o hdes e B33 S Oded LS, ?%*;‘E"%Saif?‘%.“b?“a i)
there i s onl yeaifsuR2ge fof isplagng ﬂkldmcmurtdmepglienﬂ(alcqmrmeﬁtter@rfak ofrthe@ridge | a +
I r when the stz%?.t %’; is successfully transmtted, in which la is the basic
systemcurreﬁfc b Tig into the node A when it is not transmtting. As to
the node B 302b', and as shown in Fig. 18b, as it can only successfully

transmt the first data bit "0", there is only a corresponding increase in
current inflow (fbJecPPSrsmbpdimgentpots an, applisatiqt Sy 8CCRFANGNG Hi§e PTes§ t
data bit " &itibh a8 bsi k $ b 29
Noverber 2003 C4BR A Ha emla e e e T o0 oy i Bhe
Figs. 18C andsy&tsm @OovhomemdhanfgeOmﬁ qfhbc mmre;hfferr:aceandthad bbth)mcwg 3P40 the
node C 302c’ and.D,3 eati vel 4 ALLO L form
of the input 7 gﬂcmgﬁ%a&ef CVBHSWY/HC flcgssangf ‘f &8 &Y 86?‘?61veer "Bg s6tiat
m cr o- cont r ol dacl bpmmsmmalﬁmbfxs gaghsdeivet B&pabRUTDofh trErsntittiigGiddalslandcan
be seen that all mcro-contraollers/processors, 310 receive the “sane series
of electri calfciﬂhY@§§‘gf\%/h’| i a ks S8 p JRET-FompNBicatin: sy thergforg nosuhletheryesHi t t ed
by the node h 5} Mk g. S 0 B, C
and D receive t e até:l&tg?‘aénémdt;;be %y t nod%ft[gIa f’@dcls dggsg%:ﬂ) %&Zﬁﬁhe
only data t hatonoeatiobewith aresrest ofeﬁiesynemsm&hyhe pdrme, tvive shalk oRlg&disclike the
wavef or m of th%ét@t)al DC current i on the bus over tine is shown in Fig.

? FERErS 9l the b

20. The total® a us at any tinme is, in this exanple, the
sumtotal of iQ ib, i~ and id (see Figs. | 8 Ato 18D) at that tine. The
maxi mum val ue of i is equal to h + -fl (assum ng that the transmtter

current of each éfs shiesaeinf Bigr 5n@d@@$lsmrI309anﬁﬁalqurtdme musidetragsmitter 304 is

t tt t |t h t th t t
1 ow ng. ¢ hr ouTITEREELS, LR i i CTRCHER ficioReahfah o rpocessed 3107 pe i "
total of 1Q inEut @lﬂ? Tthe Mnitib-GonreBePbEprolesséro3 IR &hﬁ@étéd fo E%ﬁs‘?ﬁér i

i ndu

fl owi ng throu ctor 3 22 at any given point of time, such is shown
in Fig. 21. | el%aﬂ%evomghmﬁatreqemes 366 Byhway of S@Cha&n/\mymgtrmcrléslse miczer t o

and no nore t e ccordance WI t el ectr

vol tage VP ac?cg "°’°?ﬁ% %ang)%a?m&oégb tgé‘ m(1'°ts‘b°nb gagﬁggtgamgé%\%ws
to the currengog Dzafthe\mmanttxhéwaﬁshh&rmmdaﬁceeid fRB&lve \é@h&l@gﬁtactr@fﬁnhégés
such is shown in Fig. 22. Its maxi numvalue is 4h when all four nodes A

302a', B 302b308 ga3bovroltagsandezeceiver 3p6 {hemierotaontrgllarins psmmorbulexsoalsq hei r
respective data packet. It can be seen that ip may sonetinmes be of a
negative val ue. Such neans that the current ipis flowng in a direction
opposite to that as shown in Fig. 16, and thus through the upper pair of
diodes in the voltage clanp 324. As to the voltage vp across the

b| d| rectl onal voltage cl anp 324 such |s shown |n F| g. 23 and |t

.y

I o



'shown in Fig. 3. Stated sinply) the system100 in Fig. 3 includes a bus 104
~~ith tvv~o0 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 103. However, there can be variations in actuab Ngemsert2008. One
may, for exanple, separate the power path in the bus, or separate the
current path fromthe voltage path. Fig. 2 ~ shows an exanple of such an
enbodi ment. Fig. 2~ shoves a system 400 with three nodes 402
inter-connected with one another, and w a current/vol taae converter 404
via a bus 406. Each of the es .402 nscey ent
node transmi f?fg}:c‘&géo én%?“%?‘&g?taﬂ%é‘ cr%h-gl ?’8%‘3?v2g’ %i% ll‘laﬂéh cﬁlig!r1 ?g'ht SOP a~e
converter 404hidhCird e distusdetl raboe. t Rrtionwdy dipRaladuth aetwalrk agﬂemdbﬂ‘sdmain04l4

The current termnal 412 of the current/¥ Jl[ta converter 404 is nnect ed
PRI

With the cur FERMUASAHOR ABHEIRTPY is thusealizg rESnURIET O PE?FeS-'If?ﬁ§ QG% to
form a curr eflsol (RRSIELS b O pRBHY (ehile Hodki2es 1iStne Oinch bhaviatheknngsd,

t he vol tage term nal i s connected with the vol tage node receiver 410 of
t he nodes 4021591@59%@6119&/5 406 to forma voltage receiving path (Rx) of the
bus 406. The nodesftranscei vers 402 on the bus 406 obtain the necessary
electric power froma DC power source 416 through a V+ path of the bus 406.
Wth the inclusikip 6fshaw&tioutranatflow( @nddihe toitegd usang®ati cecthmdpsinta ih abal  of

four wires. The cu,r tIvoIt nverter 404 .may, be realized b current
| oop T ecer verSeBIURGYRRRR BT B forgmiss TP buF SR A ety - s
to applicati %emgmB‘ef@fé%r@é&:ﬂlﬂH%ﬂﬂﬂg dnB SIS Nvé Eift coRdiGertRY idél StatibAgn
structures di scussed above. As Tt is not necessary for the voltage node

recei vers 4| Which nepapda is tranemivmgrsedataitignaly intg the byssPhe Inthis sitgtipmshe
capaci tor is .l equif afo }g %d@bk mlr&P%onofﬁ% Plis agvapt aggs of
separating the power path romt e srgn path is that e current
controller 1®:&nshmmwlmagél(g,) aitl ths vnbagemngerO/ﬁ’eIfuhe anhro@ontrbleerairlpmcekmnd,

one of its vanta st th,the i in.the nu er of
Wres in ¢ ho b s ey olien @bt Hroblpeh v BEVP AL RS Bicseratia

i nsensi ti Vit e pfdiessoP30E B aMo 1GWS THE Bﬁsﬂ@blwvé is rgl & th@sa@mecmﬁaarstro fromthe
increase in the nunber of wires in the bus 40 there is not nuch

difference in the nature of the system400 with that as shown in Fib. 3.
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then flow through a cored inductor 322, while an electric current of I, — i(?) will flow
through a bi-directional voltage clamp 324 in the same direction as the current J +
i(1). It can be seen that the combined electric current flowing away from the inductor
322 and the bi-directional voltage clamp 324 is I + I, The component i(?) in both of

these electric currents varies in accordance with the time during which the current I +
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combine to act as an inverter whereby the negative electric pulse of the time-width T
of 7 is inverted to a positive electric pulse of a time-width 7 of r. 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 + I, to Iy (ignoring the negligible [,). On the other hand, at the time of the cut
off of I, the current flowing through the inductor 322 is I, + i(7). As the current

passing through the inductor 322 cannot change instantly, the surplus current of i(7)
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electric pulse of a time-width T of ris induced and transmitted into the bus 308.

When a positive pulse of a time-width T of 7 is 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-controlier or

processor 310 via 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/
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of the bridge rectifier 336 for providing a regulated direct current supply to the node

502.

The current mode transmitter 304 includes the transistor 309 with its collector
coupled to the + terminal of the bridge rectifier 336, its base for inputting 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
330 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 305 is
coupled to the - terminal of the bridge rectifier 336 vig 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
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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
T represents a data bit “1” (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 100pus, and 772 is thus 50us, so that the data transfer rate is 10,000 bits per

second.
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As mentioned above, the nodes in the present system can be assigned one of a
plurality of priority levels. Such is usually carried out when the system is set up via
the priority setting module 318 (see Fig. 5) of each node. For an example, and as
shown in Fig. 11, seven priority levels (from the 1% to the 7"") are set up. Each
priority level corresponds to a range of waiting/idle time separating the transmission
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 priority 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.
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Fig. 12 is a flowchart showing how a node initials transmission of data packets.
Before the node starts to transmit a data packet, a waiting/idle time for the
transmission of that particular data packet will be generated. Such a waiting time
comprises a random waiting time generated by the micro-controller or processor of
the node, and a basic waiting time corresponding to the priority level assigned to it. A
waiting timer is then initialized. While waiting, the node will check whether the bus
is available/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 is 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 “0111”, node C seeks to transmit data “0010” and node D seeks to
transmit data “0011”. In this connection, the flowcharts in Fig. 14 and 13 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. 1t can be seen that, in order to have a logic low on the bus, the current
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10<< 10<< of the nature of a wired-AND logic. In other words, it only requires the transmitter of
one node to sink a current to bring about a logic low on the bus. However, in order to
have a logic high on the bus, all the transmitters of the nodes connected to the
bus/transmission medium have to be cut off. As the transmitters are cut off when the
relevant node is idle, we may also consider that a logic high is being transmitted into

the bus in this situation.

A first node transmitting a logic high into the bus may be considered to hand out
the right to control the bus. This first node then checks whether a second node(s) is
also using the bus by detecting if a logic low is being transmitted into the bus. If there
is such a second node(s), the first node, i.e. the node transmitting a logic high into the
bus, will have to back-off, i.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 7 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 2.0T, 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
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transmit the logic high data bit “1” during the time period of 2.5T to 3.0T, in view of

the fact that the other two nodes C and D are seeking to transmit a logic low.

While the flowchart in Fig. 14 deals with procedure of backing-off when a node
is seeking to transmit a logic high data bit “1” (e.g. node A during the time period
1.0T to 2.0T), the flowchart in Fig. 15 deals with the procedure of backing-off when a
node is seeking to transmit the logic high part of a data bit “0”. As shown in Fig. 13,
when the node C seeks to transmit the final data bit “0”, it has to transmit a logic high
of a time duration of 7/2 to the bus in order to complete the whole data bit “0”, during
the time period 4.5T to 5.0T. Again, it has to check whether a logic high is present on
the bus. If not (as in this case), collision is detected and node C has to back off and
discontinue its transmission of the data packet. If, however, a logic high is detected
on the bus, the node C has to monitor as to whether the transmission‘of this logic high
has lasted for a time duration of 7/2. If so, it will then continue with the transmission
of the next bit. If not, the node C will have to back off, re-generate a new waiting

time, and wait for transmission again.

As the network in the present example is a wired-AND logic system, we have
concentrated our discussion and analysis on the back-off control during the
transmission of logic high. The steps for the transmission of a logic low into the bus
by a node are as follows. The node seeking to transmit a logic low into the bus first
checks the status of the bus to ensure that such is available for transmission. If a logic
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
communication by performing back-off control during the transmission of logic low
into the bus, in a manner similar to the backing-off during the transmission of logic

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, v, and v, at the micro-controller/processor out‘put (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,, i3, i and iz
entering each respective node over time. Each sink current (i,, is, i, i4) includes a
basic current (I, /s, I, I;) and a transmitter current (I)). It can be seen that there is a
surge of the sink current (i, 1, i, is) 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 I, to I, + I,
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 I, to J; + 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 i; flowing into the node C 302¢’ and D 302d’

respectively.

Figs. 19A to 19D show the waveform of the input (I/P) voltage (v, vs, Ve, v4) of
the respective micro-controller/processor 310 of each of the nodes A, B, C and 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 /7 on the bus over time is shown in Fig. 20.
The total DC current i on the bus at any time is, in this example, the sum total of i, i,
i and iy (see Figs. 18A to 18D) at that time. The maximum value of / is equal to Jp +
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 Jj is the total current
flowing through the system when no node is transmitting, and is the sum total of /g, J;,
I. and I, in this example. As to the electric current /; flowing through the inductor 322
at any given point of time, such is shown in Fig. 21. It can be seen that this current i;
is always no less than Jp and no more than Jy + J,, and varies in accordance with the

electric voltage v, across the bi-directional clamp 324 (to 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
302¢’ and D 302d’ 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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— Clamp Voltage, in which V} is the electric potential of the DC power source 320.

We can therefore see that, when the current mode transmitter 304 transmits, an
AC component of an amplitude of £Clamp Voltage is superimposed on the DC
voltage, thus realizing the conversion of electric current into electric voltage. In
addition, the amplitude of the electric voltage does not depend on the value of the
electric current in the transmitter, so that the amplitude of the electric voliage 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 two
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 varations in actual application. One may, for example,
separate the power path in the bus, or separate the current path from the voltage 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/voliage
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 ~:-rent loop systems. As the receivers in such a network system
have a high im - -Jance, 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.

. 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.

. Such is a decentralized network system in which each node can function

independently. It is thus relatively easy to expand the system. In addition, the
present network system is 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.

. 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.

. 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 logic 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.

10
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When a node detects a collision, it can back-off in time; and

(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 method of transmitting at least one data packet for providing a collision-fres
communications in a mixed-mode multi-drop random access digital control
network, wherein said network includes at least a first node and a second node
each being adapted to transmit and receive data packets through a bus via which
said nodes are connected with each other and constituting a wired-AND logic,
wherein said data packet includes at least a logic high and a logic low to be
transmitted into said bus, said method including the steps of:-

(a) when said first node seeks to transmit said logic low into said bus, said first
node:-
(1) checks logic state from said bus;
(2) starts to transmit said logic low into said bus if said bus presents logic
high in step (1) above;
(3) completes transmitting said logic low into said bus for the full period of
the time-width of the said logic low; and
(b) when said first node seeks to transmit said logic high into said bus, said first
node:-
(1) starts to transmit said logic high into said bus;
(2) checks logic state from said bus;
(3) checks whether a pre-determined waiting time is up; and
(4) repeats steps (b)(2) and (b)(3) until said first node completes transmission
of said logic high into said bus for the full period of the time-width of
said logic high if said bus keep on presenting logic high in step (b)(2).

(%4

The method according to Claim 1 wherein said first node stops transmission of
said data packet and backs off if said bus does not present logic high in step
(a)(1).

The method according to Claim | wherein said first node stops transmission of

Wl
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said data packet and backs off if said bus does not present logic high in step
(b)(2) for the full period of the time-width of said logic high.
4. The method according to Claim 1 wherein all said steps are carried out by a

micro-controller/processor of said first node.

hn

A method of transmitting at least one data packet for providing a collision-free
communications in a mixed-mode multi-drop random access digital control
network, wherein said network includes at least a first node and a second node
each being adapted to transmit and receive data packets through a bus via which
said nodes are connected with each other and constituting a wired-OR logic,
wherein said data packet includes at least a logic high and a logic low to be
transmitted into said bus, said method including the steps of:-

(a) when said first node seeks to transmit said logic high into said bus. said first
node:-

(1) checks logic state from said bus;

(2) starts to transmit said logic high into said bus if said bus presents logic
low in step (1) above;

(3) completes transmitting said logic high into said bus for the full period of
the time-width of the said logic high; and

(b) when said first node seeks to transmit said logic low into saitl bus, said first
node:-

(1) starts to transmit said logic low into said bus;

(2) checks logic state from said bus;

(3) checks whether a pre-determined waiting time is up; and

(4) repeats steps (b)(2) and (b)(3) until said first node completes transmission
of said logic low into said bus for the full period of the time-width of said
logic low if said bus keep on presenting logic low in step (b)(2).

6. The method according to Claim 5 wherein said first node stops transmission of
said data packet and backs off if said bus does not present logic low in step
()1).

7. The method according to Claim 5 wherein said first node stops transmission of

said data packet and backs off if said bus does not present logic low in step

(b)(2) for the full period of the time-width of said logic low.



29 November 2002

The method according to Claim 3 wherein
nﬁcro~controller/processor of said first node.



