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Home and building conwol systems are complicated and multi-faceted systems.
Stand-alone or point-to-point products clearly cannot fulfill the various requirements
which may arise in real life situation. A control nerwork system is much more
versatile and may therefore meet such requirements. The nodes in such a control
network system 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 conuwol system is a well-known technology. However, the
application of such a technology in home and building automation has met with
various problems, ¢.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



whol € systemw || not function when there are problens with the central
unit): At present, there are many nedi a access control (MAC) nethods, e.g.
token passing, polling, circuit switching, and tine-division rmultiple
access (TDWA), etc. However, to a control network, while the signals/data
to be transmtted are usually relatively short, the response speed is
required to be relatively high. Random access -2- is thus one of the few
nmet hods whi ch can neet the requirements of a real-time control. In a
random access system it is possible that2rore than one node seek to
transmt si gaahuy oatofathet few swethodsi wikich raas ulheétnthei reqairemehisso8. reMadimeus
met hods have P n devised to resolve such contentions, to recover from
col li sions, ¥ avoid collisions. Such methods incl ude CSMA/ CD (Carry
Sense Multi pI e Access with Collision Detection) and CSMA/ CA (Carry Sense
Mil tiple Access with Collision Avoidance). However, irrespective of the
met hod used, i fIn aorapdompeeesodpsens ansnpdzssxbd;a ezt | mbriatimnabnt hds asek th Ne,
all such attenpted.tr ons will fail nodes, has to
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inmportant to.a f g trol system The difference coul d be very significant

since di fferségnalsidaaat ‘Hﬁ?a@ﬁﬂw alh such mmtraﬁsnn&&wmﬁwﬂhf&lhEaChloétlm}st em
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si gnal s/ data cannot ransm t a’ par

network, it agsindehichatilleatse melpcttdmeofnwmﬁmﬁlcmmslesmr@ m ni mum The

nore are the nunber of wires, the nore inconvenient the WI ring, process
wi |l be, and the higher the rlsk of ms-wiring will also be. For exanple,

even in a netwyfdst l:ﬁhé’ﬁi'c%ﬂuﬁtlﬂﬁéﬁxoﬂr&n@&w doMdt Bhi8Er i Ssue 8823#101% heng are
23 (i.e. (4'-1)) ways of ms-wri
the data packets to be transmmed are not queued sequentially, each has to wait for the
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



VWilée 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 |ink power systens generally adopt
transformer coupling to separate power fromsignals in the

bus/transm ssion nmedi um Because of the use of transforners, the systemis
usually of a relatively large size, andqthus nor e expenS|ve I n addition

due to the relatively |l ow inter c ransf or mer
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alternative to the public. Summary of the Invention According to a first

aspect of the_present invention, there |sﬂf0)row ded a di gét al, data
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i ncludes a vol tage node recei vgglm#gfgyquvgﬁoﬂ second aspect of the
present invention, there is provide I gl data conmuni cati on system
for deliveri n@cdmrgu@to slfgstaaspcd’t ro§the presemteinyventine there ds providet a tdigizal
vol t age node receiver s%st, em L ng #dl ng an el e trical IFIX conduct i ve
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current; voltage control nmeans connected in parallel with said current
cont rol nedsaid nodes includes a voltage mode receiver.

According to a second aspect of the present invention, there is provided a digital
data communication system for delivering digital signals from a current mode
transmitter to a voltage- mode receiver, said system including an electrically
conductive cable coupling said transmitter and said receiver with each other, thereby
providing a digital data communications path; DC power supply means for producing
a pre-determined electric potential, said power supply means having a first voltage
terminal and a second voltage terminal; current control means coupling said first
voltage terminal of said power supply means to said cable for providing a first electric
current path, said first electric current path operating as a low impedance path for DC
current; voltage control means connected in parallel with said current control means
for controlling the voltage amplitude across said current control means, and for
providing a second electrical path for transient electric current; connecting means
coupling said second voltage terminal of said power supply means to said cable to

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



for controlling the voltage anplitude across said current control neans,
and for providing a second electrical path for transient electric current;
connecting means coupling said second voltage term nal of said power
supply nmeans to said cable to provide a power distribution path; wherein
said current node transmtter is coupled to -4- said cable for inplenenting
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 is codpted to said cable for receiving
vol tage pulssibcabe fariichplendnsing raovhmestiicop, wherdinveid agesminet peddudEsdigrdnd
performa valtage. npde digital data reception.. According to a third
aspect of tI‘Peutli)egéBesﬁltd ?Wé’ﬁ?ﬁ’o@n",o Iﬁﬁ%’,ﬂgi}g %W?:f?dg‘@t&‘deﬁ‘géfms%ﬁﬁ@m and
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plurality ofPuisden &aidicablenprodeneddy saidiveltagarooniralamaansuty perdorsct eivodtagé or
generati ng A | ses and receiving electric voltage pul ses;
an electri cgr}}ﬁ/é%gg%lﬁ&c%%%ggggﬂ’fe coupling said nodes wth one another to
provide a path for power delivery and data communications; a DC power
supply neans for, praqduci ng,,. re-determ ned electric potential, said power
suppl y nmeans haﬁcgﬂgg‘gﬁor‘gfh&ogﬁp&ﬁ@f{‘g? BTSSR 1BMentions daespds Podvideres diginl nal ;
current co HER ' g fd ] rJn .sai d. power
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supply neans to said conductive cable to pr e a power
Accor di ng t ovith prandthersppoavids a path for memntdelivargaht alata d¢dmemenicatigfspy Died a
transcei ver adapt ed to transmt gnd recei ve digital signals on a data bus
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further i nclcgairpgmaans qoaps saaid m:t_valtaget terminahbf said power supplyrectans to said
transmtter cﬁgllép%o?q)rs\%disn@ éj ﬁ?sttﬁbnéur}raelnt onvg irsn%la an_cetpeaﬁzlg? 00 ltaggf cosng'loldmeans

connected in parallel with said current control means for controlling the voltage

amplitude across said current control means and providing a second current path for
transient current; and connection means coupling said second voltage terminal of said

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

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

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



rectifier for inplementing a current | oop adapted to produce el ectric
current pulses to said data bus to performcurrent node data transm ssion;
a voltage node receiver coupled to said + termnal and said - termnal of
said rectifier, said receiver being adapted to receive electric voltage
pul ses on said data bus to performvoltage node data reception; and a
current coupling nmeans coupled to said ft®ermnal and said - 0 -5- term nal
of said rectérfiieal, ofssdid rectifieznsaid Cuenth gOVRNBsMBAISHBLiBg ASRREd 19 HPYEF de a

regul ated direct rrent supply.to i [ ' r ' ' ._and
ot her neans r?ﬁﬁ‘%@ﬂﬂ%‘ﬁ%&@?@ﬁi t%%l(a:dot?ad’fsﬂ’g‘?%o% g% dfr? %q‘é%%égt&%? ﬁcégg i
present invenliyscditvgr € i s provided a method of communication in a m xed

node commruni cation and control network system wherein said system
i ncludes at least a first node, a second node, a power supply neans, and
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(d) transm tTTHY said second el*ectric pulse into said bus. According to a

si xt h aspectconipristig the ampstof i(a)vgenerating at heastea fisst plestricipalsabyrsaif dist rode;
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node each Redige mt?@#&uﬁﬁarﬁsms{ eRbBRaSrehN EonAsdd poWwied sl f heand €
nodes are. connected Wt each other, including the steps of (a)

est abl i shi ngpass phrongh iseid ofirrgntitor valiage evevertazambanswiot indace ¢t deaspersgrons
different range.of waiti tinme:; (b) assignj ane of .said...plurality of
priority | efe§dng Bulé%r(ﬂ?dgg) gg{gs&ilﬁf}-@ésé}dss&?nigggnfz PP@FI t8(féldgboélr‘°1'er ating a
waiting time on the basis of the priority |evel assigned thereto; (d) said

first node checking whether said bus is free for transm ssion; (e) said
first node checlicoordinget heinth tspectaifthearasentgnvénvionhtiereispproeided gmethod
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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 (¢) 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



said'first node if said bus is free for transm ssion. According to a
seventh aspect of the . present invention, there is provided a nethod of
transmtting data in a m xed node comuni cation and control network

system wherein said systemincludes at least a first node and a second
node each being adapted to transmt 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 -6- to be transmtted into said bus;

(b) said first node checking whether apulse of said first polarity
appears on 'Qdedransgitteg intp Spidrhusi € sa Beshapde) cheskingwhetheot pdsedof saidt

polarity i I fiul.) io&l .of. pulse tinmerwidth.if. a. pulse
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transmtting,at Il east o&e datg acket for providing a collision-free
communi cat iPOHEIY iS SRFIRE AR SHEEUMA ¥R ®op random access digital control

network, wherein said network includes at |least a first node and a second
node each being adapted to transmt and receive data packets through a bus
vi a whi ch sai dAneatdingate anceightbcaspectvdft theeprebertineentiomg theresisi protvided &

wi red- AND | oqgi c rein.sai d. dat acket includes at,]east a | ogic high
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said bus, said first node; (1) checks logic state from sai d bus;
starts to twheneini said apevarkgheludaswati laesh asfirst node anfl & aeabndusoder emhntiesng ogi ¢

high in st . (3), conpletes transmtting sajd |Jogic, Jowinto said
bus for thga?é}%% ‘%2’%%8“ 38%’ rf%eér@et ?%P&f‘ﬁ?%‘?’ﬁqugﬁ%g‘éw& ‘I"E’g&géal Dedes B (b)
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up; and  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



repeats steps (b)(2) and (b)(3) until said first node conpl etes

transm ssion 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 nmethod of transmitting at | east one data packet for providing a
col lision-free comrunications in a nixed?mode nulti-drop random access
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(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:-



whi ch del'ivers direct current power and digital data sinultaneously, said
transceiver including current node transmtter neans for inplenenting a
current | oop adapted to produce electric current pulses to said bus to
performa current node data transm ssion, and vol tage node receiver neans
for receiving electric voltage pulses on said bus to performvoltage node
data reception. Brief Description of the Drawi ngs Preferred enbodi nents of
the invention will now be described by way of exanples, and with reference
to the acconpanying drawi ngs, in which: -8 Fig. 1 is a schematic diagram
of a conventi onEng Molig &g echentieic ndibgiantrofpa ddavemiokal Woltess nfrdd- rr&lth»'iir@p
schemati c d| a of a conventional current node nulti-drop network
system FigP ‘?r S¥S'€Whemati ¢ di agram of a fi rst mixed nmode multi-drop

net wor k systemgjac

bl ock di agram Ollil ag;?slr ?g?ﬁgkﬁggkllfhﬁ%ﬁ %ggegﬁv%\égﬁl ca nﬁngde ﬂldét?ndgocpcrg ”ﬁb
the present systi¢émntion; Fig. 5is a schematic bl ock d| agram of a second

enbodi nent of o plica stem or di g he present invention;
o6 shows. t HaZcoR Behyra SHEREI S R Bk sl COPmerO RSt of
t he syste%Wb@ﬂmgtaﬁw@ﬂey@tnweﬁ@oﬂs transmtted into the bus and received
by a receiver in the enbodi nent showmn in Fig. 5, Fig. 7 shows the current

fl ow and the vo‘f 1ga6e1504léﬁ§féﬂaéll° Wleek diagramiafis fiast erhbodimene i \eneapplicpimi ti ve
pul se is tr tatc&ﬂ- r[},’ttgtﬁpﬁrebéﬁl ﬂFéecel ved by a receiver, after a

negative pu as ] us een transm % into the bus in the enbodi ment

shown in Fig. H-‘onngjs aGchérauvic bloek dedgdarh (AR sdeofdRInbdgRAk: bitdACarpYiS IR
according to the present invention; Fig. 9 shows the data bits format used

in the syst éYﬁt%{E@BFQIﬂH@ todhe presest HYERYOn;i nvent i on;

Fig. 6 shows the current flow and the voltage change at certain points of the

system when a negative pulse is transmitted into the bus and received by a receiver in
the embodiment shown in Fig. 3;

Fig. 7 shows the current flow and the voltage change at certain points of the
sytem when a positive pulse is transmitted into the bus and received by a receiver,
after a negative pulse has just been transmitted into the bus in the embodiment shown
in Fig. 5;

Fig. 8 shows the data frame format used in the system according to the present
invention;

Fig. 9 shows the data bits format used in the system according to the present
invention;

Fig. 10 shows the data packet format used in the system according to the present
invention;

Fig. 1l1isa tgble showing the respective waiting time of the priority levels;

Fig. 12 is a flowchart showing the process whereby a node initials a

transmission;

Fig. 13 is a timing chart showing a2 method for access control and collision
avoidance according to the present invention;

Figs. 14 and 15 are flowcharts showing the back-off method for collision
avoidance;

Fig. 16 is a schematic block diagram showing a four-node system according to

the present invention, in which the four nodes attempt to transmit signals/data



Fig. 10 shows the data packet format used in the systemaccording to the
present invention; Fig. 11 is a table show ng the respective waiting tine
of the priority levels; Fig. 12 is a flowhart showi ng the process whereby
a hode initials a transmssion; Fig. 13 is a timng chart show ng a net hod
for access control and collision avoidance according to the present

i nvention; Figs. 14 and 15 are flowharts show ng the back-off nethod for
collision avoidance; Fig. 16 is a schematic bl ock di agram show ng a
four-node system according to the presehl invention, in which the four
nodes atten%?‘ 1BNeUssnit signal s/data 9 sinultaneously; Figs. 17A to 17D

show t he respegtdv : ut pyt of the

m cro-controll g&"si)? 7%?%%@%3%2% fﬁﬁgh?g%ﬁ“’%g‘gigﬁﬂ?%e 138 WM Ofie
respective thaveforeomfollehef the fdurmwdesintFig, 16;i b, i,, and id of the four
nodes in Fig. 1__6; Ei.g. to 19D show the respective waveform of the

vol tage at theFiggdfd Gl §Lhshowthe respeciiverwaveformoef thasinkaaurendies, irarfiig. 16:

Fig. 20 shayshd bsirwlued freeofg.t he DC supply source current i of the system
shown in Fig. 16; Fig. ') T shows the waveform of the inductor source

current il of Fige 19ystoetAil howntheiresptiive wadsfoffh gf the) Yoltizews thdigpuesrahor m of
the current_.j. f1 ow through. the bi=ditrgctional clanp of the system shown
in Fig. 16@19{%&%&2%8%&?%8:@%@&%?% E)g' the voltage vp across the
bi - di r ecti onal Fig. @sitfs ERwAKEAMOIDC fupfidsode cBbdnt 287 oMWA.

I g. ;o and™

wavef orm of the bus voltage v of the system wn In
shown in Fig. 16;

Fig. 21 shows the waveform of the inductor source current i; of the system shown
in Fig. 16;

Fig. 22 shows the waveform of the current i, flowing through the bi-directional
clamp of the system shown in Fig. 16;

Fig. 23 shows the waveform of the voltage vp across the bi-directional clamp of

the system shown in Fig. 16;

Fig. 24 shows the waveform of the bus voltage v of the system shown in Fig. 16;

Fig. 25 is a schematic diagram of a second mixed mode multi-drop network

system according to the present invention.

Detaijled Description of the Preferred Embodiments

At present, the most common network system is “voltage mode network”. A
schematic diagram of such a system is shown in Fig. 1. Ascan be seenin Fig. 1, a
number of nodes/transceivers 10 (four as shown in Fig. 1) are connected to a bus 12 to
form a voltage mode network 14. In each of the nodes/transceivers 10 is a voltage
mode transmitter 16, and a voltage mode receiver 18. The transceivers 10 (e.g. EIA-
485) of such a system 14 operate by means of electric voltage. The digital
signals/data transmitted through the transmission media (i.e. the bus 12) are in the
form of different levels (high or low) of electric voltage. If a medium of a smaller
nominal capacitance is chosen, and is used in conjunction with a receiver of a higher
input impedance, the system will usually be of a higher fanning-out capacity. For

example, an EIA-485 transceiver usually has a fanning-out capacity of 32. However,



.1 Fia. "?5is a schematic diagramof a second m xed node nul ti-drop
network systern according to the present invention. Detailed Description
of the Preferred Enbodi nents a At present, the npst common network system
i s""voltage node network™. A schematic diagram of such a systemis shown
in Fig. 1. As can be seen in Fig. 1, a C nunber of nodes/transceivers 10
(four as shown in Fig. 1) are connected to a bus 12 to forma voltage node
network 14. In each of the nodes/transceivers 10 is a voltage node
transmtter 16, and a voltage node receﬂ@er 18. The transceivers 10 (e.g.
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magnitude (Mark/Space). As the receiver of a current mode system has a low input
impedance, such a system usually has a higher anti-interference capacity. However,
as all the transceivers in such a network have to be linked up to form a closed loop,
such will reduce the reliability of the system. In particular, if there is an open circuit
at any point, the whole system will break down. The fanning-out capacity of such a

transceiver is also smaller. For example, a current mode system can usually consist of

several transceivers. Such a system is therefore only suitable for use in a simple yet

high-interference setting.

A mixed mode multi-drop network system 100 according to the present
invention is shown schematically in Fig. 3. As can be seen, three nodes/mixed mode
transceivers 102 are connected with one another to form the systen; 100 vig a bus 104
in the form of a single unshielded twisted pair (UTP) wire. Each node 102 includes a
current mode transmitter 102a and a voltage mode receiver 102b. The transmitter
102a of the respective nodes 102 transmits signals/data via the bus 104 to other
node(s) 102, and the receiver 102b of the respective nodes 102 receives signals/data
from other node(s) 102 via the bus 104. It should be noted that the digital signals/data
transmitted by the transmitters 102a are in the form of electric current of different

magnitude (Mark/Space). On the other hand, the digital signals/data received by the



magni t ude (Mark/ Space). As the receiver of a current node system has a | ow
i nput * i npedance, such a systemusually has a higher anti-interference
capacity. However, as all the transceivers in such a network have to be
linked up to forma closed |loop, such will reduce the reliability of the
system In particular, if there is an open circuit at any point, the whole
systemw || break down. The fanning-out capacity of such a transceiver is
al so smaller. For exanple, a current m)dﬁ system can usual |y consi st of
several transceive Such a systemis i Lrefore only suitable for use in a
sinple yet THiH¥Fs m'r;br?'r&ﬁ%ﬁt?efog’ép ﬂ%f@re%(hlﬁh@alomhl@vcmlo{ eledirizproitagenor k
system 100 according to the present invention is shown schematically in
Fig. 3. As can be seen, three nodes/ m xed node transceivers 102 are

connected with Alse canpedied vmh momndéshH)Eyf&ttﬁmthQ 04iig aanuﬁovlé}Asu g
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recei ved by the -11- receivers 102b are in the form
| ow) | evel sthscuTentiontrollen 10&és aA{oéfgownnmlﬂm(am taliedea nuetest idWolvdgd t he

bus 104 is S 6 verter 107, which acts as a
pul se gener gctnj{-)%é ghe colrgl@g;r %4%132% E'REF ugg egsurgy, that ithe elgetnie ch@ent tp®muhi ch
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magni tude of the electric current i(vp, t) varies as a unc Ion 0 tﬁué
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controller 108. Connect in para

vol tage coneledricelrpylsd leveldaltheblisal 0auwniliendt ekBeedod pradfetertRRMEFdGE e & 105y Thi s
vol t age cont L%J l er 110 ensures that the electric current from® de‘l'ferent
0

transmtters 2a will be converted into the sane electric voltage for
transm ssion into the bus 104. Another function of the voltage controller
110 is to

A first embodiment of an application system according to the present invention is
shown schematically in Fig. 4. This system 200 includes a network power supply 202
electrically connected to two nodes 2042, 204b. The network power supply 202 is
electrically connected with the nodes 204a, 204b vig a bus 206 (in the form of a single
unshielded twisted pair (UTP) wire).

The network power supply 202 includes a DC power source 208, and a converter
(which acts as a pulse generator) comprising a current controller in the form of a
cored inductor 210 and a voltage controller/current to voltage converter in the form of
a bi-directional voltage clamp 212. In this example, the voltage clamp 212 includes
two pairs of diodes 214a, 214b arranged in parallel but opposite directions. The

output from the DC power source 208 passes through the inductor 210 before it is
transmitted to the bus 206.

The node 204a includes a current mode transmitter 216 (including a transistor

218 and a resistor 220), a current coupling circuit 228 and a bridge rectifier 230. The



ensute that, when nore than one transmitter 102a are transmitting

simul taneously, the electrical pulse level in the bus 104 will not exceed
a pre-determned range, e.g. 1.5V V. A first enbodi nent of an application
system according 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 202 is

el ectrically connected with the nodes 204a, 204b via a bus 206 (in the form
of a single wunshielded twisted pair (UHF) wire). The network power supply

202 i ncl ud &Y . r, . I.ch ts,.as a pul se
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bi -direction vol t age, c 2. In.this ex l e, the voltage cla 212
i ncl udes TRBZ{CB%?‘? glogiﬂled#%dng’ﬁg‘é%? IYqIRFORfTP %@oprpﬁeslmrr &3 égmt?etedggposi te
di recti onssendder2HULR Uhjsf Erﬁ%&i&@n@%@ﬁ%‘br ﬁewiggg 2\:8% é‘&@ﬁ_so%sa tsh'rgc ug J}ehe

i nductor 210 before it is transmtted to the heé no
i ncl udes atrenststen® 1 Boidecomnmgntsdi tot tre 2Gput ipoct (OIMgo the anRtStotrolR1%and a

i st 220 t i i it,.228 bri dge tifi 230.
el S50 Clpbesstr SISO ORI SorteShiivnaifh Portils frecapersionsg e cigmnt- | 1
the bus 20@owhirhfsrhitfer 286.f TRS &udeent B@uﬂ%r@i&ﬁhi&bgmﬁélﬁdeés%zil ré?i]ldae EQ&fOéThe

node 204a is al so connected to an  application nodu I ncl uding
ni cr o- cont PraViding arregilaied aodstabbe diredt momtes dourse do tiensde 20424 . The Whi

mbodi ment [ S, f f itch. The transistor 218
s connect 56 e RRAEE BF pichersdy eP i ShST fhaced o Mk nredt cabPIfR CifkBcessor

222 (e.g. 228TwheRBEile atitioahtrolbti 6proeesbOL ishz_ﬂsd)g%@feid gie &hR wer rent
node transmtter 216. The current coupling circuit 228 Incl'udes a zener

di ode 229 RYYEr sgREsei2 P8RS the $YsKm-at ed and stabl e direct power source to the
node 204a. The VDD of the mcro-controller or processor 222 is al so
connected to the current coupling circuit 228 whereby the mcro-controller

or processor 222td theahsde PO @@hbincludes 2avGite m@@é""?éc%rﬂ%,zaogur‘?ér%t he

system As to.the, no,de’,,g04b, such includes a vol tage node receiver 6, a
curr ent coupling circuit 23

and a bridge rectifier 232. As in the case of the current coupling
circuit 228 in the node 204a, the current coupling circuit 234 in the node 204b directly
couples the DC current in the bus 206 while not affecting the digital signals in the bus
206. As to the voltage mode receiver 226, such includes a capacitor 236 and an
inverter circuit (including resistors 238a, 238b, 238c and a transistor 240). The
transistor 240 is connected to the input port (I/P) of a micro-controller or processor
242 of an application module 243 for inputting the electric pulses received from the
bus 206 into the micro-controller or processor 242. Upon receipt of such electric
pulses, the micro-controller or processor 242 may then, according to a pre-determined
procedure, give out a signal to a control module 244 to perform certain control
functions. In this embodiment, the control module 244 includes a light bulb 246
which will be turned on when certain pre-determined electric pulses are received by
the micro-controller or processor 242. The current coupling circuit 234 includes a
zener diode 235 for providing a regulated and stable direct power source to the
receiver 226. The Vpp of the micro-controller or processor 242 is also connected to
the current coupling circuit 234 whereby the micro-controller or processor 242 is also

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

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



coupting circuit 234 and a bridge rectifier 232. As in the case of the
current coupling circuit 228 in the node 204a, the current coupling
circuit 234 in the node 204b directly couples the DC current in the bus
206 while not affecting the digital signals in the bus 206. As to the
vol t age node receiver 226, such includes a capacitor 236 and an inverter
circuit (including resistors 238a, 238b, 238c and a transistor 240). The
transi stor 240 is connected to the inpu11 ort (I/P) of a mcro-controller

P
or processo i -' : 243 for inputiing the e ftric
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by the mi ceontoaler oolpFeressor 242 ¢ ostpor a 2igRal, Whickoisrinahe foon pk thedlightihguipt 234

i ncludes a ner .di.ode 235 for_ provi.din regul ated apd stabl e direct
power sour c8§§t?eq”ﬂ€ 298& é%?seﬁig‘tngﬁg’q’/%[ﬁw PROVRT S ég(%djr?ﬂli"ﬁeﬂ domphe
processor 282 pswal SureOTIRE @€ vafoud Akes Q'()K%n_?m%%‘ﬂl iﬁﬁic%&?ﬁfo@t;l%?%é Ls ame

whereby the _mcro-controller or processor 2472 is also” powere

DC power sod#%ef tpssystem RRO.sinspasticulan itan beseemr that nhatranaformepiseriequired in
comuni cat i as g)ﬂggergontrol process can be -13- perfornmed by the system 200
i n which when € swtch constituting the sensor 224 in the application
nodul e 221 is closed, electric pul ses are caused by the current node
transmtter 216 to be transmtted into the bus 206. Such el ectric pul ses
are received Bycamalsq be segpethate becanesef the exraice pf thecbndgtere2ifdrs 250, 232

inputted in LEL 0= 4 or _processor., 242 t.o ,out put i gnal,
whioh s 1 it S HgREiieaad SpAE 208k X SRR BN AT 5349 Wt 20 o Tk
embodi ment . thel soder R04ip@vein bsanleo Aelordiggad the Ofeidie coRbeREEhSOMEGR 208
to the various nagdes 20§%p204b and agpl i cation nodul es 221, 243 of the

syst em 200. YFREB AR dhg WerSqHres 208 il fovs (innibe tconverftionnmanries) inayther ed
in this sygi&modd b 1at. Pecause. of .t he existence of the
bri dge rectifi o s 2?%86?02%;52% %ig%é%%%&oﬁgégﬁg’dgg e%&%, AW NG, Pecurs
M s-wiring (@sishowodyrthe dotédelirep s Eig. 20)Qhe dlatieic current from the DC power source
208 will flow into the node 204b via diode 250c, and returns via diode 250d. Such
therefore ensures that the direction of the flow of the electric current in the node 204b

and the application module 243 is the same irrespective of the way in which the wires
of the node 204b are connected to the bus 206.

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

power is supplied to the application module 221.

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

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



t he node '204b as an exanple. According to the present connection, the
electric current fromthe DC power source 208 will flow (in the convention
manner) into the node 204b via diode 250a, and return via diode 250b. Even
ifra "ms-wiring" occurs (as shown by the dotted lines in Fig. 4), the

el ectric current fromthe DC power source 208 will flow into the node 204b
via di ode 250c, and returns via diode 250d. Such therefore ensures that
the direction of the flow of the electrigc, current in the node 204b and the
application nodule 243 s the sane irréSB%ttive of the way in which the

W res of tHeNSBREd Surerhe Kann Aok aad 6 erHEeT FheaBsstor 226 dncoupled Sensoen

that, as sh i bQied, el L; 1yf J ipcluyde two . terminals
coupled to ?%Qt%&ézélgém?oorf ‘B?é\% %gﬁgzggﬁ%‘ﬁ-%ﬁ‘%ﬁ‘??ﬁ“ﬁ?ﬁ éct%W?lhOt{%E‘ bus
206, in whi blidgheectified230, seas iofinpier?AM aitrmbmiteidnautput eafemabognd a -

termnal. The current coupling circuit 228 includes a constant current
source 231 with two termnals, one of which being connected to the +

ternminal of therfy bHgge raSiHef 1280 B3Rdes lettgﬁ{lﬁgﬂd%ﬂpéédﬁ?o GROHLE HogC R ent

source 231 is connectéd to the - termnal o ge rectifier 230 via
t he zener dpmyedieg@. noBypalanty dhtefacshwith the ban2@MmentwhicH thetbridee rpaifier 238
supplied to.the, applicat.ign dule 221. The trapsmtter .216 sp | ncl udes
the transi s%?hdfiiﬁzlmr&fﬂai gﬁha R o) C‘E“&ﬂ_npﬁfb‘tﬁhnéd:‘{%‘“t 41P°l Fhenal
of the bri dgenstas civfre@sodRe 237 witstOvoltefminhRIN6HE dftviiieh Pahg cbﬁn&%ea“MBe +
transmtted into the transistor 218, and an enmitter. The resistor 220 is
coupl ed at rainadqfthedbridgs restifier 832.0Anpther enchpfihe tconstatteuaredt scturcerzdhisr  end

to the - term e | tifier 0 o.as to inmple {.
trans ssi ofBardio b T siPlibS BE Rk Fipyer 232 Be Sons Miuntds o
term nal s couplefdsuch drherringem?af disvtric poaét & BebplieAQd-me!REdiver 27¢ erfhace

with the bus 206, in which the bridge rectifier 232 includes a + term nal
and a - ter FACAYET ZPReinglydes the senasitPhgd36iqoupled ®3thei ncterinal af theorsidgnt

current sou B2 4Meld 1 § }: e of wmhich being connected. to the
e nal Teree DY Rrsbittnd B SusBclinddl o T St EaLEh B dride®
current souredfigB82Z31.s connected to the - terminal of the bridge rectifier

232 via the zener diode 235. By way of such an arrangenent, electric power
is supplied to the receiver 226. The receiver 226 includes the capacitor

236 coupl ed to 4 hgcdnd &idathedt! of NG Qﬁﬂ)l%ﬂﬁon system according to the present
invention is shown schematically in Fig. 5. This system 300 is very similar to the
system 200 shown in Fig. 4. One of the major differences is that both nodes 302a,
302b include a current mode transmitter 304 and a voltage mode receiver 306, so that
each of the nodes 302a, 302b is a transceiver capable of both transmitting signals and
receiving signals via a bus 308. Inter-communication is therefore possible between
these two nodes 302a, 302b. As the structure of both nodes 302a, 302b and their

connection with the rest of the system 300 are the same, we shall only discuss the

node 302a in more detail.

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

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



rectifier 232 for isolating the direct current potential on the + term nal
of thé bridge rectifier 232. A second enbodi nent of an application system
according to the present invention is shown schematically in Fig. 5. This
system 300 is very sinmlar to the system 200 shown in Fig. 4. One of the
maj or differences is that both nodes 302a, 302b include a current node
transmtter 304 and a voltage node receiver 306, so that each of the nodes
302a, 302b is a transceiver capabl e of bgkﬁutransnitting signal s and

u

receiving si I i.a_a bus 8. .Inter-¢ ication is therefore possible
bet ween thecg)gﬁi %Hﬁgc?essen%é,g @62309035&0?1’?%1 Eetﬂétthﬁ‘f erefrlippEnd duersiongofa,
302b and t hewhichaeanediicssedidbbvd, N, fesilvapldidi S PESaTe. we
shal | only discuss the node 302a in m)rg9§éflgfld?%£&?ﬁ§9m§y$%ﬁI'flgb.sengf%a
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transi stor d&4isedd bdlewvol t age node receiver 306. By way of such an
arrangenment, the mcro- controller or processor 310 can control the
transm ssion of signals/data into the bus 308 via the current node

transmtter 304fjang skdls HRCAINER: ﬁioqu!ll@hgg{,cﬁg%ggc a%é]egéggg%qso&vi a the

vol tage node receiver 306. The m cro-contr In POt 4n dhe o

- 15- connectsystemn30 sdesar né@ivveapulsa iscoatsaitedingditie B304 Bed aRefal ion, and
functions of . .whichpare as diicuss&d above. A two-way digital data network
system for SERa! Wy, PELBRRIRGEEURS SRR analysisowe ifisstiqpnsider tei idiedsitatien in

m cr o- cont r ayRi€k nB8'node 36 BaSPHirt b Gl HatA; &g 4 iority setting
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' the bus 308 and received by a
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at the ON of the mcro-controller or processor
When the sensor 314 is actioned upon (e.g. a switch is closed), the micro-
controller or processor 310 of the node 302 senses this state and outputs one or more
pre-determined data packets with a series of positive and negative pulses. If a
negative electric pulse of a time-width T of 7is to be transmitted into the bus 308, the
micro-controller or processor 310 will output a positive pulse of a time-width T of 7.
When this electric pulse is received by the transistor 309 of the transmitter 304, the
transistor 309 starts to conduct and a sink current of I; is induced and transmitted
towards a DC power supply source 320 via the bus 308. As this system constitutes a
closed current loop, the electric current flowing therein would increase instantly from
Ipto Ip + I,. (In fact I should increase instantly to Iy + I, - I,. However, since I, is
negligible, such is not taken into account here.) An electric current of I, + i() will
then flow through a cored inductor 322, while an electric current of /, - i(t) 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(t) in both of

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



310 i's low. The receiver voltage (v,) and the voltage at the I/P of the

m cro-controller or processor 310 is also low. The bus voltage is Vo, and
the bus idle current is |o. Wen the sensor 314 is actioned upon (e.g. a
switch is closed), the micro- controller or processor 310 of the node 302
senses this state and outputs one or nore pre-determ ned data packets with
a series of positive and negative pulses. If a negative electric pul se of
atime-width T of r is to be transmttadgnto the bus 308, the |

m cr o-contr g}yl I 1] —RPSi five -
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be seen tha’Ergf e 8gng%ﬁtggﬁgﬁgg?rsﬁ'g@%nuﬂbéﬁnw%Wﬁfﬁg{rgv\% e?l } gﬁﬂ“% %ﬁér%ilﬁ%th&or
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current throwd08 to,bedtecdingl byhether melebef weasanie sys@mand t =r, lo + i(t) is
smaller than 10 + 1,, so that the DC power supply 320 has to pass an
additional electric current of I, - i(t) through the bi-directional

voltage l am Safen ¥kl 8l 0:AC 212 AL LANA 7 PP BGRASY RN AR |

vol t age converter, e curren qui'r

of the curr giote raevedB506 bLthR)RUE 503 McapatifsrS 28toabRS ithid fegativé elREtricl e
through the bi-directional voltage clanp 324 in the sane direction as the

current fl ot hEESifRoIfh thusriravingux pegligble elegtrie gurentd- whicht isilesspghanseng-i . e.

negative w ) : Lre-wdih T r 1.s:ipduced. which
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In this respect, the resistor 328, a resistor 332, the transistor 330 and a resistor 334

—

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 . This positive
electric pulse is then inputted into the micro-controller or processor 310 via its input

port (1/P), thus completing a signal transmission and reception process.

Referring to Fig. 7, when a positive electric pulse of a time-width T of 7is 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 J, is cut off and drops to 0A. The
current passing through the node and the DC power source 320 will drop instantly
from Iy + I, to I (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)



When'a negative electric pulse of a time-width T of r is received by the
vol tage node receiver 306 of the node 302, a capacitor 326 couples the
negative electric pulse to a resistor 328, thus drawing a negligible
electric current Jr which is | ess than one- thousandth of the current 1,.
This causes a transistor 330 to conduct and transmt a positive electric
pulse of a tine-width T of r to the mcro-controller or processor 310. 1In
this respect, the resistor 328, a resistor 332, the transistor 330 and a
resistor 334 conbine to act as an inveﬁ%er wher eby the negative electric

pul se of the time-width T r is invertéd to a positive electric _pul se of
a time-wi dovill o tlrxroughlthe bbéiffqt\%al dpmp32Adn fisectjon QRROSITE F&)Ehaf Qlithét o
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I, toto (ignoring the negligible |,). On the other hand, at the tinme of
the cut off x(@r—u?) passes &mu&i&xemwmga 22hrasnelh from mAder o Tk quTeny +

i(r). As the curre Si thr 2 han
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bi - directi jpafr f)] 3R 3Med P =270hd eREIRNCERNOSIilCpdse thidabh Ghe bigire€itagnt
passing through the ‘i nductor 322, thus generating a positive pulse (i.e.

posi tive Wwiolthge efaerpelisie Ihmnyre)'emnfmher 00368, tﬁmmtqjmclmweurmﬂt flevang
generated causes the current S|n thro uct or. 322 to decrease
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The current ~ passing through the bi-directional vol tage clanp 324 will also

decr ease i relectric pelseef a tiofe-width 7-of ir(s induvdeand: transmittetoingd thetbus §08&ur r ent
wi |l pass through the bi-directional voltage clanp 324. In any event, from
t =0tot =r, the total electric current flow ng out of theinductor 322

and the bi -di r gaidnOnGdsiteAsmsedth tinblwilth T of Piereb&vEidIBy RESSIdRS 02, such is

coupled by the capacitor 326 to the resistor 328. The resistors 328, 332, 334 and the

transistor 330 combine to act as an inverter to invert the positive pulse to a negative
pulse of equal time-width, which is then inputted into the micro-controller or
processor 310 vig its input port (I/P), thus completing the transmission and reception

of a signal.

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

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




of the electric current i(r) - i(t) through the bi-directional clanmp 324 in
a direction opposite to the flow of the current to + i(r) - i(t) through
the inductor 322, a positive electric pulse of atine-width T of r is

i nduced and transmtted into the bus 308. Wen a positive pul se of a
time-width T of r is received by the node 302, such is coupled by the
capacitor 326 to the resistor 328. The resistors 328, 332, 334 and the
transi stor 330 conbine to act as an inverter to invert the positive pul se
to a negative pulse of equal tinme-w dt-hl8which is then inputted into the
m cr o- cont r adahseivers. processor 310 via its input port (I/P), thus
conpleting the transm ssion and reception of a signal. In Figs. 6 and 7,
while it appears that the node 302 seens to transmt the electric pulse
back to itself,ssueh ald 88s¥erd thé MBHé 5080nvRMe0h UM RGtifief 35B! Wit rhUr Se
of transm ssion and reception of electric pulses. I'n an actual system a
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bri dge rect icbusied 33 Ehewt ttérntinal antiehert rexinsnd] of thr budgh regtiienddé forl meeiting
interface with the bus 3818. The, brid rectifier ur.t her includﬁ_ga+
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i npl enenting a current Toop or p?od’hm ng electric current pulses to the

bus 308 to 3férahdrmmeaercdiodesd3)rideh tetlso ¢coupiesintogbe drermiinel amd thageemouid
receiver 306 _.s also coupled to the,.+ term.nal .and the - term nal of, the
br oo r ect 19 85 D TRt ReEE 1 Alov o8 e A5 Her STECkAHTTaME SHRRY 30 41 e
performa vajppage node data reception. The node 302 also includes a
current coupling circuit 307 (including a constant current source 305 and
a zener diode 303) which is also coupled to the + termnal and the -

rm nal . mapg . ~ vy .
te a 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 coﬁpled to the + terminal of the bridge rectifier 336
for sourcing a constant current. Another terminal of the constant current source 303 is
coupled to the - terminal of the bridge rectifier 336 via the zener diode 303 for

providing a regulated DC voltage source.

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



of the bridge rectifier 336 for providing a regulated direct current supply
to the node 302. The current node transmtter 304 includes the transistor
309 with its collector coupled to the + termnal of the bridge rectifier
336, its base for inputting data to be transmtted to the transistor 309,
and its emtter. coupled to the - termnal of the bridge rectifier 336 via
a resistor 338. The voltage node receiver 306 includes the transistor 330
with a base and a collector coupled to t_g - termnal of the bridge
rectifier 336 through the resistor 334_1 or, outputting the data received
from the budiodesi3Tieaboutc ks BeEORNal of dhedtis ROV caipali $#c8280viRi ch
coupl es the & NSl I 3 1 t &t L.dge
rectifier 3 t8 '?F%E‘a%Qgh‘%&lgéé}dzﬁthgrm%%8&%ér&ugrﬁ%)g§{ g‘leng anp%j&i 8@#’%&’6@ {“he bus
308. The cuirthanmodob@l isfg5@Hcui t 307 includes the constant current source
305 with two termnals, one of which being coupled to the + term nal of
the bridge rectifier 336 for sourcing a constant current. Another term nal
of the const ant i j I Qnt ot G0 S :he
bridge rectifi eerﬁ g%%ﬁj\}'lt t&%%&?gﬁ%ﬁ %?J&%ggﬁoar Qn”o}r@ g’\/ergglitlﬁ%ﬁ%ﬁ?ecgﬂlgg%lgd
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Wiile only the transm ssion and reception of a single negative/positive
electric patcoeding teighecpressadl inysnpien, g Rosiiysnudsesancanly felldye annegative pdee.t hat |

in the actu Lt .0 d St e nd received in the form of
data packet ggr ggl(g:ﬁgg%’éh? %?hm%%% ggngﬂ%r%%? @Tﬂg paogfgalt\yg Sgﬂg bﬁtegtgt F?/éh%flﬁiﬁgl s.

I n the prefgeloay. enbodi nent according to the present invention, a positive
pul se can only follow a negative pulse. For this reason, each byte
commences wWith a negative start bit (to be discussed below). For the

pur pose of the I i i S} | r

negative pul se %’?\ tbﬁ@%ﬁ?ﬂt?ﬁﬂ%%@?%‘# rc}e ?#Ercgll’ gFéggﬁqge@é g@geérts{%géi@atl Bw
state, whil aegative 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 100ps, and 772 is thus 50ps, so that the data transfer rate is 10,000 bits per

second.



posi tive '‘pul se on the bus/transm ssion nediumis defined as a | ogic high
state. Put another way, if alogic lowis to be transmtted, a negative
pul se has to be transmitted to the bus. If a logic highis to be
transmtted, then 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 higher priority is assigned has a higher chance of transmtting
its data/signals into the bus. Referring0-first to Fig. 8, such shows the
preferred dat aTiming té diigml0, el shows Hiesdaty qtacket fohinst adopted in the present
"Manchest er - |

i ke"- dat di pg. | ich a pul f -d mined ti
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time duration of T/2 conbine to represent a data bi rresp i ve of
whet her the first pulse is negative or positive). Each byte includes eight

data bits, a pari ' op.bhi.t (of a tine duration af T). In_the
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be di scussed bel ow) "and a st 0 ol'l ow ng a

ment i oned girorisy leved comesponinta & eange edorditiny/ klle tinagepheatiag The Radsmivgdorf a
plurality of. priori | evel s., Such .is ,usual ly carried out when the system

t
is set up AL H%C‘ﬁﬁrﬁwme;ﬁ%déttf’i chihe priorsy deyel de assigneds) Inothe quefarradde.
For an exanghiddibgt 2% &ﬁEYM‘F'i”I [ , - prkority levels (from.the
15t to the 7th) l_are_.se?r'up. Ealgh F’p}?? Bo}%tvéﬁéggﬁn%(’:ggrnéstgpe@ﬁlglé‘??zheas%r? e of
wai ting/i dithe basie waitpe wine (i mijewhich hsspesificad eadlf paaicalap peisahslehy (1hgo node
to which th7<a1)pri or.i ta/ level is aagin%sued. N ﬁ’@t he preferred enbodi ment
accordi ng t'o) BPg2rqqdom Faiting tme (1anis) Nithin the rangs of0-Imgual s to the sum of
the basic waiting tinme (in nms) which is specific to each particul ar
priority level (15t to 7th) and a randomwaiting time (in ns) within the
range of 0-1 nEor Hae preketspzansmited bprsnode el vihjcta anbYeldss prorie level 'it
class prioriliynd £Y8d bhstc 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 que 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.



assigned,” the basic waiting tine is the shortest, nanely Ins. A random
waiting time (between Ons to | ns) is then generated by the

m cro-controll er or processor of the particular node. The actual total
waiting tine is thus between 1-2ns. For data packets transmtted by a node
to which a 7th class priority level is assigned, the waiting tine is the

| ongest, nanely 7ns. Again, a random wait3lng tine between O to Ins is
then generated Ry, ti¥eisH g6WcHzedHoWihEhoW a AdR iRRfald Gadsiiisdionef ddiagadkdyal
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and three nogesaii@ietiee IostramttdssoRdIfthasthe waiting timer lveillebe re~-iditialized).and2 i s
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waiting time conprises a ran wal t1ng gener at

m cr 0- cont r oivagiabidity pf deebsoforafansmissiono dH, therbds as Pasidctonbe avaipbie/fines for
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and the wai tirigndihd® tﬁiﬁ} é‘{sq?detﬂaevvﬁl&%IC!Wér'rPricﬁﬁ?leéﬁﬁfstaséiEMm ssion of a data

packet. The process w art agal n wherf the’ node seekKs to transnit a

second data packet, and so on. It can be seen that, as nmentioned above, a
node to which aT}}]l%ga%%rve 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 15 set out the

procedure whereby collision is avoided.

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

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



priority level is assigned will have a higher chance of having its data
packets transmtted, than a node to which a lower priority level is

assi gned. The above arrangenent of assigning priority levels to the nodes
formng the systemassists in avoiding collision in the transm ssion of
dat a/signals. However, it is still possible that the respective waiting
time of two or nore nodes end at exactly the sane tine, so that they seek
to transmit their own data/signals at t sanme tinme. The nethod di scussed
below is then used to prevent collisjon.““As sh in Fig. 13, four nodes
(A, B, C an&adp IHASTHEFTOh &heshae Tt am?@furréw&%mo@lﬁreg@én@ PRYERI® BExet i ng
time seek t . ) r | ' , ot he
pur pose of kll‘%éslgzl%ﬂn%?eeoﬁwgyﬁ%gﬁgﬁg?%&%iog(wSgﬁwggﬁaﬁ g&?éﬁg{gata
bits are shofithe daturehif a veixalraNE) logind dn Atlee sbcsdy, @t dnlpnsquirtes et wartsiritdr of,
node B seeks to transmt data ; ode.C seetﬁs to éransm’l d

Q111 " t
0050 and RBEESHS GLURE 2 cyTe! o, RERE Foquls 2JORIE AR 06 The byt HORETHL STaE tor e

flowcharts ihgydiadlogid hithdod Rhé Bls,0alf thd@anffhiveAdbf eheViBa&PYorRlledSioOthel S
avoi ded. For a betfer analysis of the process of collision avoidance, |et

us | ook bacusitranstnigsion gnegem hava to beaght i9dl. shethettramsmitters gredart ofowhery thea
POk our o e i B Y 8 B R oA SRR AR s ok S BRRRATHR,

sink a curré& ave~a 1ogic hi

bus, the tr anskastihehisitadtidae cut of f. This shows that the systemis of the
nature of a wired-AND logic. In other words, it only requires the
transmtter of one node to sink a current to bring about a logic | ow on

the bus. Howeveyg,- LN order : 2] adi | I

transm i tors. of e FeEhsbiind FUSkLieRth b 8 Bl etoliSereBid blifou
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idle, we nmay_ al sp consider that a_logic_ high is being transmtted jnto the
bus in thisaSOtYsng Bab agr ﬁﬁfgfurfsdéélfe%lfa}pg*rﬁ%ttearregtr@%@%{:lmﬁgrqﬁhUﬁt WRE bus

may be consi; that i1qhit t he oie FRIS: £
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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



over ‘the right to control the bus to the second node(s). By way of such an
arrangenent, the transm ssion of the logic | ow by the second node(s) is in
no way affected, thus realizing collision-free transm ssion. In the case
of “node A shown in Fig. 13, after initializing the transm ssion of a

| ogi c-high data bit "1" into the bus (starting fromthe tinme 1.0T1), it
checks whether the bus correctly responds (a logic high). If no such logic
high is found in the bus, node A wll hgye to back-off. If, however, a
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node C has to back off and " discontinue Its transm’ssion o
packet . - | f, timesnendwaitfot afismissiapragain. det ected on the bus, t he node C has
to nonitor as to whether the transm ssion of this |ogic high

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. Ifa logic
high is detected on the bus, the node transmits the logic low into the bus for the full
period of :thc 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



has lasted for a tine duration of T/2. If so, it will then continue with
the transmssion of the next bit. If not, the node Cw | have to back
off, re-generate a new waiting tine, and wait for transm ssion again. As
the network in the present exanple is a wired-AND | ogi c system we have
concentrated our discussion and analysis on the back-off control during the
transm ssion of logic high. The steps for the transm ssion of a logic |ow
into the bus by a node are as follows. ,Jhe node seeking to transnit a
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have to be high sighdls into gl b iniafwiredR A logix sysfese is to be on the bus, or if
the systemis to be inthe idle state. In such a wired-OR system it is
possible to realize collision-free conmunication by perform ng back- of f

control duri ngrighg 6t 1534 SPhSdtRNA@MidLOf & folMhod e . apner
sinmilar to the backing-off during t e trangyn\?%c'ls?%%téﬁqugﬁ%h tﬁ? gﬁﬂ%oﬁnal s

into the bgBown im Fig-rlsdogsmes, andiFigss Y84 dor24 Bhgw thébchianga of eheomtdnt/veliasy ng of
B o 0o SR Ut et BB ViR Rk, DAR 1D ahe the wavetomh of the
' respective voltage v,, v;, V. and v, at the micro-controller/processor output (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,, iy, i and iy
entering each respective node over time. Each sink current (iay iy, ic, i) includes a
basic current (I, /3, I, I;) and a transmitter current (7;). It can be seen that there is a
surge of the sink current (i, is, i, i) whenever a negative pulse is transmitted into the
bus by the relevant node. As the node A 302a’ cannot successfully transmit the first
data bit “1”, there is only a surge of the inflow of the sink current ipfromlto 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 Iy to Iy + I, when the start bit

and the first data bit “0” are transmitted, in which I, is the basic system current



at/across various locations in the system Figs. 17A to 17D show t he

wavef dbrm of the respective voltage vO, vb, vc and vd at the

m cro-control | er/ processor output (O P) of each of the four nodes A, B, C
and D over tine. As the transmitter constitutes an inverter in terns of

l ogic, we can see that the .waveforns 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 _EI the data bits which it seek to
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t he respectsheaessfully antodine bus 308/ pr ocessor 310 of each of.the nodes A, B, C

and D. It can be seen that all mcro-controllers/processors 310 receive
the sane series of electrical pulses, which correspond to the electrical
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these nodes A, B, _C and D receive the data transm only,
and such ari@etteiel B qureant dom ﬁwtbusamamﬁmleés;sim&meﬂamﬁhpﬁﬁfs&frubiay of Nt g, the

bus 308. Th v I f e al .DC.currgent i on the bus over tine iIs
shown in Fi’“&“\ﬁg’éfgegﬁ%sqtléi‘\gﬁc’ ltﬁ@_t)éﬁp}aéﬂpei T mRETER Valle aky it savel tody 4 1
this exanmpWé,(assiming that Ghertramitter cdrlnt of each of these four nodes is /, and all the
nodes are transmitting the start bit simultaneously) in which J; is the total current
flowing through the system when no node is transmitting, and is the sum total of I, I,,
I: and I, in this example. As to the electric current i flowing through the inductor 322
at any given point of time, such is shown in F ig. 21. It can be seen that this current i,
1s always no less than /) and no more than Ip + I, 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 41, when all fourunodes 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 ¥, + Clamp Voltage and V,



i, and id (see Figs. 18A to 18D) at that tinme. The maxi numvalue of i is
equal *to 10 + 41, (assumng that the transmtter current of each of these

four nodes is I, and all the nodes are transmtting the start bit

si trul t aneously) in which to is the total current flow ng through the
system when no node is transmtting, a is the sumtotal of I,,, Ib, I,
and Id in this exanple. As to_the electfitc current il flow ng through the

i nduct or 32£lamp Vakgseiin drhighol nis the clestRg potsnial ofghe RGPPWST spRege 339. 1t can
be seen that this current it is always no less than to and no nore than to
+ 1,, and varies in accordance with the electric voltage vp across the
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308, such is shown in Fig. 24, as fluctuating between Vo + Cl anp Vol t age
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in the transmtter, a e anpli e 0 ectrtic voltage is not
af fected even when several nodes are transmtting at the sanme tine. The

above analysis_is made on the basis of the basic structure of the system
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i nsensi ti vVEid. @5tshewsaf exarhfR2. oftsavie wr embblienent.Cc Fig. (25 shawisat systeg 400 aixhual
application. One may, for exanple, . .
three nodes "402 inter-connected with one another, and with a current/voltage
converter 404 via a bus 406. Each of the nodes 402 is a transceiver including a

current mode transmitter 408 and a voltage mode receiver 410.

The current/voltage converter 404 includes a current terminal 412 and a voltage
terminal 414. The current terminal 412 of the current/voltage converter 404 is
connected with the current mode transmitters 408 of the nodes 402 on the bus 406 to
form a cu&cnt 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



separate ‘the power path in the bus, or separate the current path fromthe
vol tage path. Fig. 25 shows an exanple of such an enbodi nent. Fig. 25
shows a system 400 with three nodes 402 inter-connected with one another,
and with a current/voltage converter 404 via a bus 406. Each of the nodes
402 is a transceiver including a curreﬁt node transmtter 408 and a

vol tage node receiver 410. The current?/ o'Ita% convertde $€§ﬁ includes a
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transni ssi QRe pakige( e odcetvees HllstorB36lateTnet DE porwesrpdtemtit] frave theobesage
termnal 414 is connected with the voltage node receiver 410 of the nodes
402 on t he INPBRISARIFBOF 5 FAHFAd vol t age receiving path (Rx) of the bus 406.
The nodes/transceivers 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 inclusi on ak discGssedrapopartdne(afithy majdteadyantageroef Feparaidgsthg POBtERPaf f our

wires. The current/voltage gonver r rzed -a.cluryrept. | oop
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and currenthReRl. Oh@ASHhEL Rind, Moy majie disal ventades s that esithitiecinsisest
above. As it is not necessary for the voltage, node re,%g;vers 410 ta
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power path ‘“?%ﬁ%vﬂ%‘%gi°§%’%¥%6gﬁﬂg”i“2‘gﬁ a?al?ﬁ%n%ée@?gem controller 108 shown
in Fig. 3 is no longer required. On the other hand, one of its nmjor
di'sadvantages is that, with the ipcrease Jin the \ng‘oerq)éf wires in the bus
406, not only ipartiremtheipsiers i8 thenr@att ofVigs| Bithe us AR RTFS Dtpuch ne

chance of m.s=W Ik i I j r :ACt e v/ e
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can al so 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 c':rent loop systems. As the receivers in such a network system
have a high im;=dance, 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



I mpl enented in this system400. It is clear fromthe foregoing discussions
that a m xed node nmultidrop network system according to the present

i nventi on possesses the followi ng advantages and characteristics: A Such
a hetwork system successfully conbines the advantages of voltage node
networks and cl:rrent |oop systens. As the receivers in such a network
system have a high im-f lance, and the bus in the network exhibits a | ow
i npedance, DC can flow through the sy§5%n1alnnst wi t hout resistance (which
enhances the o tion of, a li we nce of AC of
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power is coupled frogmthe bus using a constant current source. Such a
coupl i ng net hdd F?42b8tYa hi gh i npedance, thus causing nininmal effect on the
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are connected directly to us a ransfo
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reliability. C Such a system adgpts the sipplest and npst common single
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bridge rectifier 230, 232 shown in cussed abov
possi bi | ity ofandisschallawscoduenientdnstallation and witing. system  and such al | ows

conveni ent ' ngla | at Lon and wiring. D. Such is decentralized network
systemin V\PI ?ﬁf ach n%?fénté%}f?eﬁuﬂ%fvp& syFtﬁ@eb‘én‘g}é‘ﬁgl §ach| poges qapyfmetion
relatively easyddpenderBigndt {1ehus ¥elhataly ledsyReibt 'a961th§ REsteml CRLMdifGE WRE K
systemis a zero dom nion system (i.e. a‘ non-raster/sfave or non-
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.

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

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

(a) an appropriate network structure — the network structure in the present
system ensures that even in case of multiple simultaneous access, the digital
signals in the transmission media will still present a predetermined logic
state, i.e. no uncertain 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.



announcer/|listener structure) in which each node may be a master/announcer,
and nmay also be a slave/listener. Each node listens to the bus all the
time and can, according to its needs, transmt signals/data into the bus.
E. *Such a network system adopts a random access control nethod, in which
any node is allowed to transmt when the bus/transm ssion nediumis 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 versatility9%f the nodes. F. In order to
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response - tdaehmmeolhemnffrmtrmsmmwntter in each of the nodes are
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priorities Ao haktibsned. During a period of busy comunication, a node
to which a higher priority is assigned will have a higher chance of being
able to transmt its data/data packets. |I. Such a systemis suitable for
use in carrying out sensing, conmunication and control functions. -30




What “is clained is: 1. A nethod of transnitting at |east one data packet
for ptoviding a collision-free comunications in a m xed-node nulti-drop
random access digital control network, wherein said network includes at

| east a first node and a second node each being adapted to transnit and
recei ve data packets through a bus via which said nodes are connected with
each other and constituting a wwred AND | ogic, wherein said data packet
includes at least a logic high and a logic lowto be transmtted into said
bus, said nmethod including the steps of:-30&) when said first node seeks to
transmt sai WHaogiodaimed/is:nt o said bus, said first node: (1) checks logic
state fromsaid bus; (2) starts to transmt said logic lowinto said bus if
sai d bus presentsmethydeof tangmittingsat dgast ohe ditepacket IFpr providiagescdllisiosfieet i ng
said logic lowinto saig bus for-.th$ ftéll@g ri,od of A the tine-width of the
said | ogic | ow, CHRPYHFRIRAR AR & iy Xpe-mgde \oyii-deop andgm Agressi digual aonteli ¢
high into said BeSvorkakHerkin sdid nBOARk ifclhde3tat1da3t b Frky i d3§§&cc%nh%'d8

high into said bus; (2) checks logic state fromsaid ; ecks
whet her a pr e- deacdrbaimgadaped lortpansmitarndsrecgiye datd padiets tpeagls a buepia Which 2)

d (b)(3) until_.said first nod | t i ssi f .said logic high
ond (D)3 unt: Liadyed Weologhedy SOPLELSSp L AT SSon, o1 2 fAPRLE I 9
sai d bus keep OnhBfefs sl Ma RGeS i?_&lgbd & RA&R (Y Rlgh and Ehﬁgﬁ%p% be

according to Caim1l wherein'said first node stops transm ssion o sald
data packet andirbasiistedfiitoisaiddnisdsandimethwdsnciodingites staps dibgi ¢ high in step

{r hnom sai on of(2) $En SRR Bk SCHEEES HARETHASKE TP oW ot S0 BUS oL Te:
present |ogic highod®-step (b)(2) for the full period of the time-w dth of
said | ogic high.
(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).

The method according to Claim 1 wherein said first node stops transmission of

~J

said data packet and backs off if said bus does not present logic high in step
(a)(1).

The method according to Claim 1 wherein said first node stops transmission of

(U5




4. The method according to Claim 1 wherein all said steps are carried out
by a "mcro-controller/processor of said first node. 5. A nethod of
transmtting at |east one data packet for providing a collision-free
conmmuni cations in a m xed-node nulti-drop random access digital control

net wor k, wherein said network includes at |east a first node and a second
node .each being adapted to transmt 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 |east a |ogic high
and a | ogic | sid databackétr anisbadks edff ifhdadd das dobsinot prdsehtniglobighnialsteh ng t he
steps of: (a) _when said first node seeks to transmt said |logic high into

sai d bus. sai @)X ferthe fhpenqdof the timeswidgypEsaid ingic higbm sai d bus; (2)

starts to jra ' i ' ' I n R Y ' ely ts logic
l ow in ste%' (??%6@; &(’b@q‘l&%ﬁ‘g@{@s t?valt'%gér%gtap%d é‘éﬁ%%og#@eﬁf’%ﬁ%?n o said
bus for the fmidropentslibrprocesiue dfisaid-fissiiiddeof the said | ogic high; and (b)
when said first ntgdg ?eeks 1Q transmt ;ai d Icggigml ow.into sajd. bufs, sai d
first node: PIPCSPAC FAPYNITHRGH ARSI LRF FafARACKEY R ArAYigingat qobigion-free)
checks | ogi ¢ shah@nit sai h k e- rJn

waiting time 1s ug’?‘%‘ﬁd@s(ﬁ‘) qr@%%gtrggéﬁ gggﬁlé%?%%ﬁ‘é %ﬁ?{s3)dpg‘8{r??lcl%is?§fljd
first node comgrivetie sveransaidsisteork mtludes at leasgyi afitsowoderand gadedordisodeor t he

full period of the, tine-w,dth of sai lpgic low if said bus keep, on
presenting | offich bEBg qrggptgflé?) “%T@Wgﬁﬁcetﬁﬁéia@%&wa@@é‘gaiafﬁ-‘st"d)a &highm 5
wherein said fi I ) 3.5} | backs
off if said b%ag‘{ gg%ép%gt&g@gég%tﬁpgg%% pider ?Ir’]d sctaggﬁﬁu%% ?1‘?%%@%‘2@%& hod
accordi ng to wherein Saidvideracpackenimtiddes ait lenstie logioptgh randanicgde dowab besaid

dat a packet and backs, off ,if said bu pes not present logic lowin step
(b)(2) for th&aSHHReLBq %ﬁdégPSvtS methed pclhding thestang ofogi ¢ | ow.

(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).

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
(a)(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.



- 32°8. The nethod according to Claim5 wherein all said steps are carried
out bY a mcro-controller/processor of said first node.

-32-
8. The method according to Claim 35 wherein all said steps are carried out by a

micro-controller/processor of said first node.



